
[

..,-,”

.{

/
.:

RADIOACTIVE

I

,,..,

j
..
‘{

i

CONTAMINATION

OF CERTAIN AREAS IN THE

PACIFIC OCEAN

FROM NUCLEAR TESTS “ “ “ j,... .

US DOE AR(3HVIIS

~G 326 U.S. ATOMIC ENERGY ‘ ‘
u

COllrrt;fvl w i$ur

.,:.‘, .,,;,
,-



I
1

-.,,

Radioactive

Contamination

OF CERTAIN AREAS IN THE

Pacific Ocean

. .. ..= . .. . . . . . .. =. . .—--A-

UGUST

1957

i

1 FROM NUCLEAR TESTS
!
I

i A Summary of the Data

I from the
I
ti Radiological Surveys and

Medical Examinations

Edited by

GORDON M, DUNNING

@

@~v CO*,+

+m

if’e~
UNITED STATES ATOMIC ENERGY COMMISSION

~~ \-&, For sale by Superintendent of Documents, U.S. Government Printing Office, Washington, D. C
‘rors d

$$+

Price40 cents

J POE ARCHIVES
:Ii



Introduction

On March 1, 1954, an experimental thermo-
nuclear device was exploded at the LT. S.
Atomic Energy Commission’s Eniwetok Prov-
ing Grounds in the Marshall Islands. Following
the detonation, unexpected changes in the wind
structure deposited radioacti-re materials on
inhabited atolls and on ships of Joint Task
Force 7, which was conducting the tests.
Radiation surveys of the areas revealed radia-
tion levels above permissible levels; therefore,
evacuation was ordered, and was carried out
as quickly as possible with the facilities avail-
able to the Joint Task Force.

Although the calculated accumulated doses
to these people were believed to be below
levels that would produce serious injury or
any mortality, the Commander of the Task
Force requested the Department of Defense
and the U. S. Atomic Energy Commission to
organize a medical team to provide the best
possible care of the exposed persons and to
make a medical study of the exposures.

The medical surveys of the Marshallese
exposed to the fallout from the March 1, 1954
nuclear test detonation at the Eniwetok
Proving Ground, have been published under
the editorship of Dr. Victor P. Bond,12 Dr.
Eugene P. Cronkite,18 who headed the first
two surveys, and Dr. Robert Conard,’4 w-ho
led the 2-year follow-up study. The present
report brings together the radiological data

developed by the Joint Task Force 7, Applied
Fisheries Laboratory of the lJniversity of
Washington, U. S. hTaval Radiological Defense
Laboratory, Health and Safety Laboratory,
hTew York Operations Office of the Atomic
Energy Commission, and the Office of h’aval
Research.

This report was undertaken by Dr. Gordon
M. Dunning at the request of the Atomic
Energy Commission. Dr. Dunning at the
time of the fallout was a representative of the
Division of Biology and hledicine, Atomic
Energy Commission to Joint Task Force 7
and participated in the early surveys and in
the evacuation of the natives of Rongelap and
Utirik Atolls to Kwajalein.

It is hoped that this document will provide
valuable information to those agencies and
persons responsible for planning protection
against radioactive fallout from whatever
source. It not only gives a picture of the
initial contamination, but in addition docu-
ments the radioactive decay as it has occurred
on the Rongelap Atoll over a 2%year period
and thus suggests the developing patterns of
the transfer of radioactive materials from the
soil and water into the food chain.

CHARLES L. DUNHAM, M. D., Director
Dim”$im of Biology and Medicine
U. S. Atomic Energy
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Preface and Acknowledgments

Two to three days after the fallout on the
Marshall Islands in March 1954, 82 people
were evacuated from Rongelap and A&inae
Atolls and 154 from Utirik Island, In June of
1954, the 154 pemonnel were returned to Utirik,
and in the spring of 1957 the decision was made
tQ return the Rongelapese to their home island.
Since March 1954 periodic surveys have been
made of these islands to investigate the degree
of contamination.

Soils and biological collections were made on
and around the Marshall Islands by the Ap-
plied Fwheries Laboratory (AFL) of the Uni-
versity of Washington on March 26, 1954, July
16, 1954, December 8 and 18, 1954, January
25–30, 1955, October 21–23, 1955, N’overnber 7;
1955, and July 23–24, 1956; by the hTaval
Radiological Defense Laboratory (NRDL) on
February 1955 and February 1956. Analyses
of the samples also were performed by AFL,
NRDL and by the Health and Safety Labora-
tory (HASL) of the Atomic Energy Commis-
sion. Surveys were also made of residual
activity in the Pacific Ocean by Health and
Safety Laboratory of the AEC and Office of
Naval Research in February-May 1955; by
the Applied Fisheries Laboratory in June and
September 1956. In addition, teams of medical
experts from the United States examined and
cared for the Marshallese following their
exposure in March 1954, and returned to re-
examine the Rongelapese at about six months,
one year, and two years after exposure.

The purpose of this report is to abstract the
highlights of the data from these investigations.
In doing so there is the risk of unintentionally
quoting the original reports out of context. It
should be understood that the original authors
are not responsible for any such violations and
if there be any question it is recommended that
reference be made to the basic documents fsee
ref eren m).

The following personnel participated in the
field expeditions:

March $6,1964 (U!3S Niddu, DDE 449).

Applied Fisheries Laboratory: Dr. Lauren R.
Donaldson, Director, Dr. Edward E. Held,
Dr. Ralph F. Palumbo, Mr. Paul R. Olson, and
Major Charles Barnes, USAF on assignment
from the Air Force Veterinary Corps to the
Applied Fisheries Laboratory.

In addition, Dr. Thomas Shipman, Dr.
Thomas N. White, * P. R. Schivone, and W. W.
Robbins accompanied the expedition to aid the
natives in capturing some of their animals on
Rongelap Island and to make radiation read-
ings on some of the islands in the southern part
of the atoll.

AprJ It?, 1954 (8A-16 Nad Aircraft).

U.S. Naval Radiological Defense Laboratory
and Naval Medical Research Institute: Dr.
Stanton Cohn, Lt. R. S. Farr, P. E. Thompson
HMC, J. C. Hendrie, HXIL, and J. Flannigan,
NM1.

July 16, 1954. (U. S. Nay G%nan &batro88,
ASR-16, No. 902).

Applied Fisheries Laboratory: Dr. Lauren R.
Donaldson, Director, Dr. Frank G. Lowman,
Dr. Arthur D. Welander and Lt. Commander
Clarence F. Pautzke, USNR Aquatic biologist
on active duty status for special training.

December 8, 1954 (U. S. N. PBM No. fi471).

Applied Fisheries Laboratory: Dr. Edward
E. Held, Mr. Paul R. Olson. AEC Division of
Biology and Medicine: Dr. Walter D. Claus,
AEC Radiological Safety Oflicera, Mr. Robert
Taylor and hIr. William Blakeman.
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December 18, 1964 (U. S. N. PBM No. 2471).

Applied Fisheries Laboratory, Dr. Lauren R.
Donaldson, Director, Dr. Edward E. Held, Mr.
Paul R. Olson, and Dr. Jared Davis, entomol-
ogist on loan to the Applied Fisheries Labora-
tory, from General Electric, Radiological
Sciences, Aquatic Biology Group, RiclJand,
Washington.

Mr. Robert Rinehart and Mr. Paul Zipnfin,
NRDL, accompanied the expedition.

January 25-30, 1955 (U. S. Araty O. G. ‘(Rio
Grande”).

U. S. Naval Radiological Defense Lnhora-
tory: Robert W. Rinehart, Evan C. Evans
III, Joseph K. Gong, George hf. Neuffcr, Lt.
(jg) USNR, and William G. Xlurray. Applied
Fisheries Laboratory: Dr. Allyn H. Seymour
and Dr. Frank G. Lowman.

October 21-23, 1955 (L S. T. 664).

.4pplied Fisheries Labor~tory, Dr. Allyn H.
Seymour, Dr. Edward E. Held, Dr. Kelshaw
Bonham and Dr. Frank G. Lowman.

November ‘7, 1955 (U. S. Navy PB.U 612).

.4pplied Fisheries Laboratory, Dr. Allyn H.
Seymour and Dr. Edward E. Held.

February 7-14, 1966.

U. S. Naval Radiological Defense Labora-
tory: Dr. Edward R. Thompkins, Evan C.
Evans III, William T. Pflueger, Capt. USA,
Joseph K. Gong, and Walter L. bf~ne. V. S.
Geological Survey, Department of Interior:
Dr. F. R. Fosberg.

Jviy .2S-24, 1956 (U. S. Aravy Grunm~i .41ba-
tross).

Applied Fisheries Laboratory: Dr. Lauren R.
Donaldson, Mr. Paul R. Olson and Dr. Arthur
D. Welander.

The processing of the material and analyses
of the data at the Applied Fisheries Laboratory
were shared by the following staff members:
Dr. Lauren R. Donaldson, Director, Allyn H.

‘HE PACIFIC OCEAN FROM NUCLEAR TESTS

Se}-rnour, A~~Y ~~ Baird, Kelsh~w Bonhaml
Grace C. Brewer, s~mn T. Cantd, bf~ion L.
Chase, Edward E. Held, Neal O. Hines, Frank

G. Low’man, Paul R. Olson, Ralph F. Palumbo,
Dorothy South and Arthur D. Welander.

At the U. S. Naval Radiological Defense
Laboratory: Mr. R. W. Rinehart, assisted by
Mr. John A. Seiler and Mr. William H. Shipman
were responsible for laboratory analysis of
samples and evaluation of data in ]955, and
were joined in this work in ] 956 by Dr. Herbert
V. Weiss. In addition to his field participation,
Mr. Gong u-as responsible for preparation of
samples and evaluation of data in 1955 and was
joined in this work by Mr. h!ilne in 1956. Dr.
hlinoru Honma, hlaurice J. Brau, HX, USN,
and Phillip Simone, HX13, LTSX, assisted in
the 19.56 analytical determinations. .Mr. Wil-
liam Murray performed the photographic
services in 1955. During both years, Captain
Albert R, Behnke (\lC) USA’, served as
scientific advisor; Dr. Stanton H. Cohn as
senior investigator for planning of the field
trips and for anal~-sis of biological data; Mr.
Paul E. Zigman, as senior in~estigator for
planning and analysis of chemical data. The
divers that assist ed in the 1956 survey were Lt.
P. L. Schlegel, USNR, of Underwater Demo-
lition Team I], and Q. D. Dennison, Q\Il,
USN, of Underwater Demolition Team 12,
both of U. S. Naval Amphibian Base, Coronado,
California.

The general concepts of Operation Troll were
discussed at an ad hoc meeting in Washington,
D. C., on January 12, 1955. The following
were present: Dr. A. C. Vine, Woods Hole
Oceanographic Institute, Dr. J. Isaacs, Scripps
Institution of Oceanography, Dr. T. Folsom,
Scripps Institution of Oc.eano~vaphy, 3fr. F.
Jennings, Scripps Institution of Oceanography,
Dr. J. Smith, Office of Naval Research, hlr. J.
Kane, Office of Naval Research and Mr. H. D.
LeVine, Health and Safety Laboratory, AEC.

The detailed planning was worked out among
Mr. J. Smith and ~fr. J. Kane of the Office of
Naval Research, Dr. Warren S, Wooster of
ScripPs Institution of Oceanography, hfr.
Howard Brown and Dr. Willis R. Boss of the

POE iillCHIVES
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Division of Biology and Medicine, AEC and
Mr. Merri.1 Eisenbud and Dr. John Harley of
the Health and Safety Laboratory, New York
Operations Office.

The ~enior personnel at sea were Dr. John
Harley as Project Leader, Dr. Wooster as
Oceanographer and Dr. Allyn H. Seymour of
the Applied Fisheries Laboratory, University
of Washington as marine biologist.

The chemical analyses at the Health and
Safety Laboratory were performed by Edward
Hardy, Gerald Hamada and William Collins
under the direction of Dr. John Harley.

The initial team from the United States that
examined and cared for the hfarsihallese who
had been evacuated to Kwajalein were: Doctors
E. P. Cronkite, R. A. Comwd, N. R. Shulman,
and R. S. Farr from the Naval Xledical Re-
search Institute, Dr. V. P. Bond and Lt. Com-
mander L. J. Smith from the U. S. Naval
Radiological Defense Laboratory, Dr. C. L.
Dunham, AEC, and Dr. G. IT. LeRoy, Con-
sultant to AEC, and Lt. Col. L. E. Browning,
hf. C. from the Armed Forces Special Weapons

Project. Before the arrival of the team, pre-
liminary care and studies had been initiated by
the station medical officer, Commander W. S.
Hall. Doctors T. L. Shipman, Thomas White, *
and Payne Harris of the Los Alamos Scientific
Laboratory performed the urinalyses.

The six months medical survey was conducted
by Drs. V. P. Bond, R. A. Conard, J. S. Robert-
son and E. A. Weden, Jr., and the twelve
months medical survey was conducted by Drs.
E. P. Cronkite, C. L. Dunham, David GrifFin
(USXRDL), S. D. XfcP}lerson (XXIRI) and
Kent T. Woodward (Field Communal, AFSWP).
The tv-o year medical surv[’y was performed by
Drs. R. .4. Conard, Bradford Cannon, C. E.
Huggins (IXYSR), J. B. Richards (USXR), and
Austin Lowery (CS.4) with the technical as-
sistance of C. P. A. Strome, W. K. Border,
J. W. Hamby, L. D. Snow, W. G. Clutter,
and C. D. Severson (all USN).

Special appreciation is expressed to viole~
JI. hIcCarth y for the secretarial work in
preparing this report.

“Deceased.
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CHAPTER I

External Gamma Radiation

GAMMADOSE RATES WERE taken periodkally on
several islands in the Pacific over a time ranbting
from about two days to more than two years.
The attached map is an estimat e of the gamma
dose rates at three feet above the ground at
D+ 1 (one day after the detonation on March
1, 1954). A very rough approximation of the
degree of contamination maybe made by divid-
ing these readings b~ four to arrive at units of
gamma megacuries per square mile. (The beta
to gamma ratio varies with time but at one day
may be near unity, so these values may also be
thought of as beta activities.) However, the
gamma dose rat w do indicate the relative de-
grees of cent arninat ion on the islands, there-
fore are useful in this respect when evaluating
the data in subsequent sections of this report.

Graph 1 shows the decay with time of gamma
dose rates on the Island of Rongelap. Similar
decay curves were found on other islands in the
Atoll and in nearby Atolls (Adinginae and
Rongerik). The decay of activity of mixed
fission products is assumed to follow (time)’]*
principle. This is intended to apply to disin-
tegrations of atoms. However, in estimating
the reduction of gamma dose rates above a
plane with time there must be considered the
changing numbers and energy spectra of gamma
photons released per disint egrat ion, and the
effects of weathering. When c.omput ing the in-
finity radiation doses from fallout that occurs
within a few hours after detonation, int cgmt ion
of the (time)’12 curve gives n fair approxima-

tion since most of this total dose is accumulated
during the early periods when this cun-c lies
near the theoretical gamma decay curve. IIo\{--
ever, in extrapolating by (time) ‘l. 2 there may
be s significant ditlerence in estimating dose
rates a year or more after detonation and in
estimating doses that might occur at these later
periods.

During the first two weeks after fallout there
w~asno rainfall and the winds were light. About
the end of the second week a tropical storm
occurred. For these reasons, a straight. line
w-as drawn for the first two weeks followed by
a break in the curve. The readings are not to
be considered precise, due to the nature of such
measurements, but the curves suggest that
whatever was the reduction of gamma dose
rates by weathering, it occurred principally
with the first heavy rainfalls. Except. for the
last data point on Graph I for the Island of
Rongelap, which may be somew-hat high, the
actual and theoretical decay curves correspond
fairly well.

The theoretical curve of Graph I would flatten
out with time due to the dominance of Cesium-
137 with its 27 year half-life. The last survey
of Rongelap Island in late July 1956 indicates
a range of gamma dose rates at three feet above
the ground of 0.2 —0.5 milliroentgens per hour
%ith an average of 0.4 mrjhr. These values are
higher than suggested by Graph 1 and are due
to the small additional fallout resulting from
Opcrat ion Redwing (Spring and Summer 1956).

.
1
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CHAPTER II

Gross Activity

A. Land Plants

Graphs 2 and 3 indicate the general levels of
activity of edible plants (pandanus, papaya,
breadfmit, arromoot), and coconut meat and
milk at Rongelap Atoll together with their
decline of activity with time.’. 1

Tables 1 and 2 show the analyses made by
NRDL for their first survey in February 1955?
Table 3 is based on the February 1956 survey$

Tables 4, 5 and 6 show the analyses by
HM3L.S. u

The high tiltial activity of the “edible plants”
(Graph 2) was probably due to surface contamin-
ation caused by the direct fallout. The rise
in activity after a year after the fallout occurred
may be due to (a) sampling and counting vari-
ances, (b) the ability of some plants to con-
centrate Cs*a7 (see Section Radiochemical An-
alysis), (c) the increased availability of the
radioactive fallout material to the plants, or (d) a
combination of these factors. Initially the ac-
tivity in the coconut milk and meat was less
than other edible plants, but the rate of decline
of activity has been less than for other edible
land plants due principally to the higher per-
centage uptake of this longer-lived CSL97.

Table l—Summary of Gross Beta Activity in Miscellaneous Plant Samples*

AvEMm ACTIVITY@c/gx 109 s b

rum MATEBML I 18LAhV

IILiklep Uthlk ROngelap Bud Enlsetok Labamd.j Ksbelle Luknen OeJe.n Immulld Blktu Enlwetak
— . . — — .

Om.w.- . . . . . . . . . . . . . . ..-.. - m 4cm m 433 !i4nl Kfal 1930 21ca 6s,m 5600 1s0 400
C@xmutlesf. . . . . . . . . . . . . . . . . . . . . . 1100 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 750 lEYI 670 . . . . . . . . . . . . . . . ..- . . ---------
Coconut frond stem. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- 140 . . . . . . . . . . . . . . . . ------- ----------
COwnut shell . . . . . . . ..-... - -------- ---------- ---------- -------- ---------- --------- 17 . . . . . . . .
Gmnut husk.-.. -.-. . . . . . . L 7

la . . . . . . ----- ----------
1.6 63 . . . . . . . . . . . . . . . . . . . . . . 73 . . . . . . . . . . 110 . . . . . . . . . 8.4 . . . . . . . .

COamnt sprout. . ..-. .-- . . . . . . . . . . . . . . . . . . . . . . m -------- . . . . . . . ..- ---------- 110 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
SprOutOdmmnut root.. . . . . . . . . . . . . . . . . . . . . . 72 . . . . . . . . . . . . . . . . . . . . . 740 . . . . . . . . . . . . . . . . . . . . . --- . ------- ----------
SC5evohleaf. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Im . . . . . . . . . . ml 290 &7 m
8mevola trunk section.. . . . . .- . . . ..- ---------- . . . . . . . . . . -------- . . . . . . . ..- ---------- --------- . . . . . . . . . . . . . . . . . . . . . ..- 22
Arrowroot stem.. . . . . . . . . . . . . . . . . . . . ----------

. . . . . . . . . .
19 . . . . . . . . . . . . . . . . . . . . . . . . . -------- . . . . . . . . . ---------- . --------- -------- ----------

Arm-t id... . . . . . . . . . . . . ------ . . . . . . . ..- 61 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ---------- . ------- ----------
rllmpkh . . . . . . . . . . . . . . . . . . . 20 . . . . . . . . . 25 . . . . . . . . . . . . . . . . ---------- ---------- . . . . . . . . ---------- ---------- -------- ----------
Lbnea-- . . . . . . . . . . . . . . . . . . . . 10 . . . . . . . . . . ---------- -------- ---------- ---------- ---------- . . . . . . . . . ---------- ---------- -------- ----------
‘rare. . . . . . . . . . . . . . . . . . . . . . . 1.1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ---------- . . . . . . . . . . . . . . . . . . . ---------- ------- ----------
Banana. . . . . . . . . . . . . . . . . ---- 4.6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- . . . . . . . . . . ---------- ---------- -------- ---------
VII)* . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ---------- . . . . . . ..- 4KI . . . . . . . . . . -------- w

● Wet welsht.
h& determined on bds UIOI standards cad empfrkal saitterlng and sbwrptlon camctiom DOE ARCHIVES
“(%llectlcmmade abut February 1, IW5. Dnta reported M of -March1,19S5.
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Table 2—Summary of Gross Beta Activity in Major Plant Foods (NRDL) ●

# I
Sorma I AVEEAOE Armrvrm (pc/gx 10Ior IIC/OCx 109 ● b

Atoll Mrmd Arrowrcvt

LAP----------------------------- L*!cP.- . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.0
uttrik_- . . ..-.. -- . . ..- . . ..- . . ..-.-. Uttik.-. .- . . ..- . . . ..-.. ------------- 16
Wngebp -------------------------- Wngebp . . . ------------------------ 15
Wnuebp -------------------------- Busch... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 03
Wngekp -------------------------- Enlcetok. . . . . . . . . . . . . . . . . . . . . . . . . . . m
fingehp -------------------------- bhrtij .. . . . . . . . . . . . . . . . . . . . . . . . . . . 3s
ti~ebp -------------------------- Kaklle. -. . ..- . . . . . . . . -------------- 40
Wngekp -------------------------- Lukuen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -----------
Wngehp -------------------------- Gejen. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130
Wngehp -------------------------- LumuWd.. . ..-. .- . . ..- . . ..-. .._.. _ la
Blkrm--. -. . .._. -.. -.-. _.. -------- Blear . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
hngti --------------------------- Eniwet.ak. . . . . . . . . . . . . . . . . . . . . . . . . . -----------

Coconut
Pmdanus PBmya

Meat Milk

b.7 8.6
b.O 9.0

B 27
18 . . . . . . . . . . . .
34 . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . .
lW . . . . . . . . . . . .

.. ----- . . . . . . ..-. . . . . . .

.. ---- . . . . . . . . . ..- -----

. . . ..- . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . ..- ----

2.s
Zs
0,B
S.o

12
13
16
18
72
19
6,9
7.8

3.0
26
Q.6

11
12
13
12
16
25
so
6.0
9.4

● Wet weight.
b As deterrnhmrfon basteU:OI standards and emplrlcal scatta’lng and absorption cmrrectious.
Wdlectlona made about February 1, 19S3. Data reported ae of March 1, 19S.5.

Table 34ross Beta Activity in Plant Samples ‘ (NRDL)
1 1

PLAN-r PAE7
Oejm IEniwetak

Potiti--..-----. -... -.--..l whole plmt- . . ..-. -. . ..-. --..l 37.4 I 19.2

tilt ------------------- II
Stcm, lmvw ------------------ 11.0 4.6
‘rubera . . . . . . . . . . . . . . . . . . . . . . . 232 0.67

!(Ahrwt.-..-..-. ---. --.. ---...] 287! 0,17

Pmbm ------------------- IIMva------------------------264 1.02
Green Keys ------------------- I. n 0.37

[Ripe Ken-------------------- .. ... ....... ...........

{

Ripe -------------------------- . . . . . . . . . . . . -----------
pa~~.-..-.-..-...----..--. Qrwn- . . ..-. ----. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Lecvcw, truck ----------------- . . . . . . . . . ..- . . . . . . . . . . .
IMUk -------------------------- 2s7 . . . . . . . . . . .

Ripe coconut.- . . ..-. --------IIMeat. ..- . . -------------------- 1.w 0.36
SbeU...-. -..-. .._. ----------- 4.93 0.33

[Husk . . . . . . . . . . . . . . . . . . . . . . . 1.e3 0.031[R%ole ------------------------ 31 . . . . . . . . . . .
MUk. ..-. ..--. .--. . . . . . . . . . . . . . . . . . . . . . . . 0.29

Chbetleoamut . . . . ----------- 1{Mint -------------------------- . . . . . . . . . . . . 0.33
SheU-------------------------- ..--. . . . . . . . . . . . . . . . . . .

11Husk------------------------- . . . . . . . . . . . . . . . . . . . . . . .
shell, be*.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0,11

{hfllk. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.61

SprOutIngmamnt ----------- IMeat . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 3s
Shcu. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 029
Husk------------------------- ------------ an

[

Kim .. ---------------------- . . . . . . . . . . . . M. 4
(%wnut... ------------------ Frond . . . . . . . . . . . . . . . . . . . . . . . . ------------ 0.94

Laws, frond. . . . . . . . . . . . . . . . .

{

1.4s -----------
Fruit .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

~---------------------- Bark.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
L09vE............ _...__]...__... . . . . . . . . . . .

TIUO ---------------
p

!avs, stilks .. . . . . . . ..--- . . . . . . . . . . . . . . . . . . . . . . . . . . .
--------

Tuber, rooLswith we. -.... -.. . . . . . . . . . . . . . . . . . . . . . . .

s All countswere mrrected for the muntlnc rfficlencTof S@-Yn.

PI.ANIY b (c/m/kgx 10+)

Enbetak Ronge18p Bifo

a.os 1.20 ------------
0.32 0,25 0.n
0.69 0.55 0.0s
1.05 0.22 0.w
6,26 0.3B 0.15
0,70 0.22 0.10
0.52 0.17 . . . . . . . . . . . .

------ ----- 0.12 . . . . . . . . . . . .
. . . ----- --- 0..25 . . . . . . . . . . . .
. . ----- -.. . 0.m . . . . . . . . . . . .
. ------ ---- 0.M 0,02

1.97 0.24 0.17
0.72 0.u 0.29
1.67 L al o.n

------- . . ..-
0.11 0.05 0.13
0.25 ------------ 0.0s
o.w . . . . . . . . . . . . 0.37
0.43 0.12 0.11

. .. ---- . . . . . ------- . . . . ------- . . . . .
0.76 0.79 0.n
0.40 0.12 0.20
0.41 0.25 0.18
1.67 0.33 0.63
0,36 ------------ 0.34
0.6) ------------ 0.23

.- . . ..- . . . . ------ ------ ------- -----

. . ----- . . . . ------- . . . . . ------ -. ..-.

. . . ..-. . . . . . . . . . . . . . . . . .- . ..- ------

. . . . . . . . . . . . . . . . . . . . . . . .. ---- . . . . . .

.- . . . . . . . . . . . . . . . . . . . . . . ------ . . . . .

Vtfrlk

I. n
.. . . . . . . . .

0.14
0.0s
0.21
0.00
0.07
0.11
0.al
0.16
0.12
0.Oa
0.06
0.21

.------ -..

. . . . . . . . . .
0.07
0.C@
0.11

.- . . . . . . . .
0.11
0.07
0.M
0.28
04.7
0,09

-------- . .
------- -..
------- -..
.- . . ..- ..-.
-------- . .
. . . ---- -.-,

LIkiep

1.33
0.03
0.03
0.02
0.02
0.(Q
0.02

.- . . ..- . . . .
OM
o.M
0.67
O.od
ao2
o.w

. ------ ----
0.0s
ao2
o.al
0.02

-------- -..
0.au
0.00
0.02
0.07
1.66
0.11

-------- ---
0.06
0.07
0.1s
0.06
0.19

b Gmsk&8ctlvlty ofplmtsmpl@ w~delermh& @AprU1956md that ofmUmdmtw tihfayl956.
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Table 4—HASL Analyses (AFL Surplus)

I

.

H“:L
.

9175.. . . . . . . .

817s- . . . . . .

8170---------

a173_. . . . . . .

8177_-..._.’

817t---------

816S---------

m3-3!X7...-

—

sPK7-
MIN
No.

A36-6U

A 40-42

AS5-8D

A 36-42

A 6S-84

A 67-71

A 143

A 45-40

Ortmrilnu

Papaya. -..

. . ..do ....-.

. . ..do ... . . .

. ..-do . ...-.

Morfnda. -.

Arrowroot.,

Oquwh..._

Panflanus..

Pulp . . . . . . . .

Pulp and
Wild.

f3ktn.. . . . . . .

13Wds.. . . . . .

Entlr6 . . . . .

Corn. . . . . . . .

haven and
flower%

Entlra. . . . . .

Rnngalap-.

...-do ...._

...-do . .. .. .

.. ..do ... .. .

.. ..do ....-.

...-do ....-.

.. ..do ... .. .

.. ..do ... . . .

COLLEG
TION
~ATX

1O-*66

1O-Z4-66

1O+-55

10-22-66

10-!2245

10-22+6

10-3!4-55

10-22-66

ALOAE

VEGETATION

RXMAILKS

6bnlta-vfllage nrea,akin and
aeads removed: dried at
96”0.

Halved from 8 frulta, vtlln~
area needsremoved: Wed
at 95”0.

Paeled from 6 fruits, village
arem dried at 95°0.

6 fnlltd, Vi]- arm: drlad at
95”0.

8 fruits, villaga ares: &fed at
9s” o.

Pealed tub+m, 8kfn rrmrovad,
Vi]]~ @ran:aahadat 550°0.

Wllaga waa, plant in blossom
but no Iruft:drkd at 95°0.

Part of 6 kuttn from 6 tram,

Vlllrigaarea.

I I I I I I

Wet

68.2 +0.6

108 * 1.0

21.0 +0.5

68.9 +1.0

88.8 *1.9

102 * 1.1

24 +1.0

84.4 * 0.0

I T

Dry

416+ 4.3

740+ 7.0

146+ 1.6

345* 6.4

Z73zk 7.6

. . . . . . . . . . .

W*13

...........

WOO rt/mJgr-am

—.
Wet

o. 48*O.02

1.28+0.06

o.86+0.07

0.32-.04

l.lz+o.111

3.61+0.32

6.72*O.43

2.67+0.07

1 I

Dry

8.07+ 0.14

8.S4+ 0.89

6.96+ 0.48

1.75+ 0.s6

9.22+0.67

. . . . . . . . . . . .

1.6& 4.!Zl

. . . . . . . . . . . .

-

mblb?r

BA.WD
)N WCT
iVEIOIiT

o. (J!M

0.087

0.m

0.160

0.066

0.031

. . . . . .

0.1s6

s, u.

888M

1611 +74

6m +46

85.cktell

788*M

5469 +485

. . . ----- ---

8-K! 44s

3164.-.....-. A 100 . . . . . . . . . . . . . . . . . . . . . . . . . . . . Rongt.lap.. - 10-2a-66 From cfstmnInvtllsga, spmtm 9411 *6fl 148440*425 9.7%t9.36 m. o +67. 8 .. . . . . . . . . . . . . . . . . . ..-
undetlned: drlad at 95”0.

3166-.. . . . . . . A 110 . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-do..._.. 1O-!U66 From well in vlllaga (taken 683 *18 2140+ 72 8.00+2.14 87.7 +11. 7 . . . . . . . . . . . . . . . . . . . . . .
from stdrobelowwater level)
spacfasundefined: drlad at
95”0.

“Date of cormtIng: February 19$3.

i



1

,

——

IWL

319!7. . . . .
31!l%. . . .
32m. . .
3ml . . .
3~2 . . . .

32tu...
32n4 . .
3205. . .
32X3. . . . .
3m7..-..

smns. . . . .
win . . . . .
3?10.....
3211. . . .
3212. . . . .

.srwr-
MEN

A30
A 31
A 32
A 33
A 84

A 35
A 30
A 37
A 38
A39

A 40
A 41
A 42
A 43
AU

AREA
COI.LECTED

—.

KaballeIs..
. . ..do ... . . .
. . ..do ... . . .
. ..-do .. . . . .
. ..-do ... . . .

LabaredJ Is
..-do . .. . . .

. . ..do ... . . .

. ..-do ... . . .

. . ..do..-...

Romrelap1s
. . . ..40 ... . .
. . ..do ... . . .
. . ..do .... . .
. . ..do. .. . . .

E
Table 5—HASL Analyses (AFL Surplus) E

>0
OOCONUT8

——..

I d/m/gram-wet TOTAL ACTIVITY”

cOLJ.;W#ON RSMAItKB
(One CocorIulFwm I?och

0/Ftw (J) ~cea) Ontiw
Husk

10-21-s5.. . . . .

1 [
84.0+.3.3IWzl-s........ 56.6+ 2.7

1W21-55. .. . . . . Vnriousm Ofthe Island.. . 303 +2.9
10-21-55. . . . . . 69.6+ 3.1
lC-21-55.. . . . . . 127 *6.5

1F21-5S. . . . . . .

I [
141 +6.0

1W21-55.. . . . . . 318 *I3
10-21-55.. . . . . . Northan aDdof bland. . . . . . IH2 *7.6
lo-21-6fi. . . . . . . 220 *9.2
10-21-66. . . . . . . 143 *6.2

lc-22-3.. . . . ..-

1 I

254 *11
IW2’-58. . . . . . . 49,4* 2.2
1w22-55. . . . . . . Vlll.%wmem.... . . 87.4* 3.9
10-22-55. . . . . . . 73.2+ 3.3
10-22-55.. ----- 84,3* a.5

p;

15.8+0.7
39.5*I.6
12.7+1.1
20.4* ,95
32.OZEI.6

20.9+0. 9
20 1+1,1
31.1+1,3
41.2+1.7
23.4+1.1

46.3*1.9
4.0+42

34.0+1. 4
9.5*O. 5
6.3*O. 3

Mennlnd

64.5+2. 3
N).3+2. 6
37.1*1.6
45.6+1.9
55.2*2. 4

69.2+12.5
177 *7.1
61.3+2.6
63.1*2, 7
M. 0+2.3

81.2+3.3
65.2+2.2
24.0+1. o
33.3+1.5
m. 3*1. o

d/m/gmm-wet t3r-90 I P~tCaBASZD Or! M

WE? WXfOET ~

) uter H usk

1.2 +0.84
o.11*O.31
0.09+0.03
0.12+0.05
0,M*O, 25

1.3 +0.14
48 +0.30
1.3 +0.16
1.0 *0.29
1.5 *0.14

a,6 *o, 24
0.39*0.10

-o. ]9)*o. m
(1.70+0.21
0.75+0.17

Inner Shell

o. (!&O. 19
0.07*0.04

-o. 06)*o. m
o.03+0.03
o.14*o.cB

o.2S+0.11
0.89+0.16
0.17*0.07
0.19+0.12
0,33+0.11

0.51+0.13
o.09+0.07
0.21● o.w
0.31+0.13
O.O7*O.1O

MmJ&rrd pl~ ~hn~ Mm~t
~

Milk k

—2
o.CC&o.33 -------- -------- . . . . . . . . g

(-a24)+o.18 . . . . . . . . . . . . . . . . --------
0.O&to.14 0.m O.cms a ma 5

(-0.07)+0.14 -------- -------- --------
z

0.!&to. 22 .. . . . . . . -------- -------- g

(–0.25)+0.32 -------- . ------- --------
0.10+0. 34 -------- . . . . . ..- -------- i
0.10+0.18 0.0a2 0.019 0.011 >
0.53+0.22 -------- . ------- . . ..-.. - ~
o.22*O.30 -------- -------- --------

E

0.22+0.20 . . . . . . . . . . ------ --------
(-O.07)*0.10 -------- -------- --------

0.44*O.21 0.053 ao7s O.oo1
i

0.67+0.42 .-. . . . . . . . . . . . . . . . . . . . . . ‘d
o.09+0.23 -------- -------- --------

:

5
COMMERCIAL COCONTJTS ti

3311. .. .. . . . . . . . . . Puerto RIco- Fobruary193& . . . . . . . . . . . . . . . . . . . . . . . . . . . - I. 2*O. 2
m12. . . ..-

5.1+1.0 . . . . . . . . . . . . ..- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -------- .-------
. . ..do . . . . . . . . ..do .... . . . . . .. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8.O*O.2 6.3+1.0 . . . . . . . . . . ..- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -------- -------- --------

3313 ----- ..-.. -. . . ..-do ... . . . . . . ..do ... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . --------------- 1.Q*O.2 5.8+1.0 . . . . . . . . . . ..- . . . . . . . . . . . ..- . . . . . . . . . . . . ..- -------- -------- . . . . . . . .

g_

“Dataofcountlng: Februruy1956.
m

. -----



11(JROSS ACTIVITY

Table 6-Results of Analyses Performed at HASL

LAND PLANTS
—

(ytr
d/m/grmn

.. . . . . . . . . .

19 *27

.
TO?AL At?rIvmY

SAMPL7N0 OBOANW
Lachnox

TIMUI

O-Datae

Cs
md

Per-
cent
fjrw

&a5

am
.. . . .
0.62
0. M
L 1
0.23
0.09
68
0.45
0.62
. . . .
. . . .
1.2
0.77
0.30
0.31
0.84

Per-
mt
>#n

.

. ..-

44
----
----
. . . .
. . . .
. . . .
.-. .
-.. .
----

38
. . . .
. . . .

63
30
25
61
66
82

d/m&&rn

0.22a. 01

0.11 +0. 10
------- . . . . . .
0.14M06
0.047+0 639
0,70 *O. 04
0.0s1+0. 071
0.Osoa. o-43
27 +0.1
o.046+0.02
0.26 a. 11

so. 16
lost

8.6 +6. 15
1.4 +0. 82
0.20+0.06
0.19 +0.03
o.22 &.06

so. 13

s. u. ●

l/m/grm

23+6. 7

**L 7
71*I. 7
26+0. 7
W*22
66*L 7
65347
87&2.1
51*2 o
10+4).7
42*1. Q
SO*I. 6

lost
303*4 1
1s0+3.8
67+2. 1
69*2 2
26*1. 6

7.a*l. 1

— —

6427... . 621

S4iW..- 623

M39...- 626

{

Outm and kn- 4-17-66
Rongelap .- Oomnut.. -. ne.rshell

Milk .. . . . . . . . . . t17-66

I

Outer lr~k ... .. t17-66
-.-do ... . . . . . . ..do. .. .. . Inner shell. ---- t17-56

Meat and milk. 4-17-56

{

outer husk....- 4-17-56
. ..-do.. __ ..-_do ... .. . . her shell. . . . . 4-17-56

Mest and mUk- 4-17-66
Uttrlk_. .- .-... do..._.. Entira . . . . . . ..- 4-]7-56
Ltklep ----- . . ..-do . . . . . . . . ..-.do ... . . . . . . . 4-17-56
ILongelap. . Pandanua.. .-.. -do.. . . . . . ..- 4-1460
. ..-do ... ..- . . ..-do ... . . . . . . ...do .. . .. . . . . . 4-1456
-...do ..._. Arrowroot... . . . . do.. .. . . . . . . 4-14-56
Ckgen... . . .-.. -do.. ----- . . . ..do .. .. . . . . . . 414-54
Enlwetok.. . . . ..do. _-... . . . ..do ... . . . . . . . &1466
Erdeetuk... . ..-.do .. . . . . . . ..- do....-... -. 4-14-.54
Sift . . . . . . . . . . . ..do.- . . . . .-... do... ..-.-.. 41456
utbik ... . . . . . ..do .. . . . . . .-... do. .. ..-. -.. 4-14-56
Llkkep----- .-... do....... .--.. do.. . . . . .. . . 41446

0.00022

0.arm
o.CcQaE
o.m13
o.ml
o.ocQRi
o orn15
o.cW2u
o.m
o.0m31
o.0f3210
o.Ormlo

. . . . . . . .
0.0312
0.m
o.m
0.0026
oolmo3
o.cMm70

450+ 21

260*230
. . . . . . . . . . . .
4S0+210

2140+18131
a75k 21
245A216
ISO* 98
104* 4.7
67* 2e

Ilao+wxl
<30

. . . . . . . . . . . .
laio+ 57
1050+6~
155+ 45
32* 6,2

33OO*91O
~~

..........

s.na. ...
3534..-.
2441...-
3442----
au7._.
345e----
6476..-.
3402.-..
a503----
8519----
4641. . . .

762
Kt2
685
626
658
S56
6Wl
m

....-. ....

16 +3. 7
. . . . . . . . . .
. . . . . . . . . .
250 *5. 4
M +1.6
17 *O. 6
36 *1. o
17 *2.8
2.8+21

674
7643
So7

●C-Datcx Date OfCOnItt@. ● 6unshlneUntt- O.CO1PCSrM/kgCa.

B. Marine Organisms and Birds Tablea 7,8, and 9 report the results of NRDL. . -
analyses for the February 1955 survey.a Tables

Graph 2 indicates the general level of 10, 11, and 12 are for the February 1956
activity in fish at Rongelap Atoll and the survey.’ Tables 13 and 14 show the analyses
decline of activity with time.z by HASL.5’8

Table 7—Summary of Beta and Gamma Activity Concentration in Fish and Marine Invertebrates
(NRDL) *

RADIOA~VIVY CO~ChWTXi~mON@’kg) (~)

CllAnSANDCLAUS SNAI19
—. ,— _hXAITON

h-o, of
speci-
mens

a
a

2

. .. . . . .

1

. . . . . . .

Acti rity h’o. of
speci-
mens

22
7

2

6

a

.- . . . . .

Activity

8 7
. .—

.49 1..5@

.14 0.94

h’o, of Actlvlty No.of Activity
speci- Speci-
mens mens

b 7 8P

0.22
.054

0.23

.- . . . . .

0.02

.. -----

7

1.2
033

0.-z

. . . . . .

0.01

-------

.—
-1

b.6
. . . ..-.

-------

. . . . . . .

.-- . . . .

. . . . ..-

—— —— — — .

1.25
1.76 –(d; . . ...s

------- ------- . . . . . . . .

.-- . . . . -------- . -------

0.a5 .. . . . . . . --------

0.19 . . . . . . . . . . ..--..

4 1.54
3 0.49

Ronge]ap Atoll:
North LrwDDn. . . . . . . . . . . . . . . . . . . . . . . . . . .
South Lagoon ... . . . . ..-_ . . ..-. -... -.- . . . .

Rongerik Atoll:
Eniwetak . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Uttilk Atoll:
Utirik . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Llkiep Atoll:
Likicp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Bikar Atoll:
Biker . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

.23 .21

.14 .04

.05 .01

.. ----- . . . . . . .

.....- . ...-. ..

1 0.12

2 0.39

I*I x are tn terms of Co@ equlralent. (b) >150 g. (0) <IM g.

“Collections made atmut February 1,1955. Data reported es of March 1, 195.5
DOE ARCHIVW



12 RADIOACTIVE CONTAMINATIONOF AREAS IN THE PACIFIC OCEAN FROM NUCLEAR TESTS

The data show a significant higher concen- Tables 9 and 12 show the gross activity in
tration of gross activity in the livers of fish birda and fowls.s” ‘
end in the crustacean muscles.

Table t?-Distribution of Gross Beta and Gamma Activity in Tissues of Large Fish’ (NRDL) ●

Wz?
lLu.bNDANDFlaR w ;;m

RewelaP A&41,North
I

C?eJen.flat FLsh with Orange SPOtdO.. .. . . . . . . . . . . . . . . . . . . 597

{

~ofi ~~m 2 Pelargfc... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . m
finsp~ m..-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 891

l—
~me---------------------------------------------- 497

Pereen@geof total actlvfty . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

RowelaP Atoll, Soufh
I

{

Gmupr--. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,496
&uthast lagoon. LuUm -------------------------------- 2,170

Red Smpw---. ..-. -- . . . . . . . . . . . . . . . . . 1,w

Av~e ---------------------------------------------- 1,SW
Pareentaseof *Mwtitity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Rerwrik Atoll

{
~tiweti- Pmt------------------------------------------ 1,460

Mullet . . . . . . ..-. .--. .- . . ..- . . ..-. -. . . . . . . . ----- 230

Ave~e .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 840
P-tage of totat @@Q ..------------------------------- . . . . . . . . .

e ‘v u
. — .

196 714 26
84 m 8
63 5M 4

. — —

113 588 12
. . ..- . . . . . . 10.6

112 693 19
69 613 2s

106 339 12
_ — —

96 4s1 19
. . . . . . . . ..- 19.8

272 339 1
64 68 8

— — —

108 2)4 b
. . . . . . . . ..- &o

,.

7 P
— —

24 18
69 9
66 9
— —

54 12
9.2 10.6

16 14
09 19
36 14
. —

40 16
&3 16.7

39 4s
13 8
. —

26 26
127 16,6

—
Y 8 T
— — .

96 120 310
78 29 771
M 33 313
— — .

69 61 m
15.1 54.0 m. 7

m 41 m
19 18 111
04 59 122
— — —

05 39 1s0
21.e 40.7 37.5

44 B 106
15 7 18
. — —

30 s 62
14.7 h2 30.4

GU14 Vfmera
—
e—

7
8
8

—

4
3.6

4
6
8

—

6
5.3

8
1

—

6
3,2

——
I

7 PI
. —

16 26
16 87
17 8
—l—
16 24
27 21.0

33 34
51 1
Z/u

—l—
37 16
7.7 16.7

10 an
8 46

— —

7 126
&4 820

‘r
—

26s
4%3
60

131
22.3

lka
163
50

—

118
24.6

140
19

so
se.2

.>ltng. bPCwe fn term orC* eqofmlent. 9Name unknown.
“Collections made Bbout Febmary 1, 1955. Data reported ae of Mrucb 1, 1955.

DOE ARCHIW
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43ROSS ACTIVITY 13

Table 9+?mmmaq of the Gross Beta and Gamma Activity in Birds and FOW1 ●

M.mDAn S?xzxne
No.0? WET
6PKCI- wKgIT
MXNS

ROngelq AM
I I

-Jen—Tm ----------------------- 9 162
e3ut.._ . . .._. __. . . . . . . . . . . . . . . . ..-. ----------
Tick --------------------------- -------- . . . . . . . . . .
o~------------------------- . ..-... - ----------

mbn*Tm- . . ..- . . . ..--. ..-.-.. 2 1s4
Gut-----------------------------.---.---.-...-----
Tibk --------------------------- .--.---- .-------.-
Mmcle -------------------------- -.- . . . . . . . . . . . . ..-
o~------------------------- -.--.-.- ----------

Larbaredj-Tmu- . . . .._.. -.__.. -
Gut. _._. .__. ._.-_ . . ..__- ___!. ._._; !!.
Tfbb --------------------------- . . . ----- ----------

Ro*p~. . . . . . . . . . . . . . . . . . 1 1,140
Skeleton------------------------ . . . . . . . . 266
Made -------------------------- -------- 43’
vim------------------------- -------- 64
Llvw -------------------------- -------- 144

ACTIVITTY’loytlssw ●

u.—

------
u
1[

1%

~

------
la
2a
!22

242

203
------

114
20

148
..-.--
6SUI

260
lea
29

Y

.-----,
111
1(

xl

Ul
-------

f
, NDA

f
lx

144
-------

87
4

a
.. ----
&270

m
51
6

IneANo Alto 8PEcMxn

Roogelap- RooUcr-CaMmed
H&--------------------------
Bb ---------------------------
Lung ...._ . . . . . . . ..-_. _____

Ron#k Atd4

En!weWk—Tin ------------------
Gut. -.. --.-----. ----. -.---. ----,
Tlbb ---------------------------
Afmcle --------------------------
Ohm... ------. -.--. -... ----.,

Bikar Aloll

3kM– Tin -----------------------
act. --.. -. . ..-. ..-. --_.. . . . . . . .
Tlbk ---------------------------
Mu.wle. _._ . . . ..-. __. . . . . ..-.
Cwu-------------------------

● ✠ m h tam9 of CMewlralent.
k h-o detectable aotivity.
● No data taken.
“CoUect!ons made nbout February 1, 1955. Data repated M of March 1, 1(IW

No. O
8PZCI
MXN4

. -----
------
. . ..-.

2
.. ----
------
------
-. .-. .

2
------
.-----
------
. ..-.

I
Acnw (@x

I@/tIssue).
ww%j!RT_

#
——

1s a
157 la

-------- . 9

7,%1

(o) -------

......... 10
--------- 6
. . . . . . . . . S8
.. . . . . . . . m

17s

lx -------
--------- 9
. . . . . . . . 6
,-------- a
------- . . 14

lx

v

2
18
2

& 4?9

-------
9

NDA
14

294

817

------
8
1

14
14
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14 RADIOACTIVE CONTAMINATIONOF AREAS IN THE PACIFIC OCEAN FROM NUCLEAR TESTS

Table I()+)istribution of Gross Beta and Gamma Activity in Tissues of Fish (NRDL) ●

RADJOACYIYITY(d/m/tMu@x lfi) *

WET
IM4NDAXDF14M VW&

—.
Bone

——
VtsoxaWtn I wad Muscle OulTotal

7

15.6
5.7

10.6
100

87.0
18.h
71.3

&%9
100

38.9
100

20
lCUI

0.87
10U

2.2
100

8

0.6
0.8

0.5
7,0

1.7
0.s
0.8

1.0
4.8

0.1
3.2

0.02
4.Q

o
0

0
0

a

4.c1
L 9

3.4
47.7

6.1
2.Q
6.0

u

0.2
0.4
—

0.3
4.2

10
1.0
1.1

1.0
4.8

0.3
Q.7

0.02
4.9

0
0

0
0

—— .—
7 8

.— —-

2.4 0,45
0.3 0.8

— —
1.s 0.63

121 8.8

11,8 &6
11.2 4.5
8.!3 8.6 I

— —

10.6 6.6
17.3 30,B

5.9 0,7
15.2 225

035 0.23
17.3 65

024 0
27.6 0

0 0
0 0

r

8.a
0.7

8
—

J.S
1.4
—

1.6
21,0

6.5
2.4
7.0

Y

2.7
26
—
27
?5.2

15.7
4.4

n. 4

E

8.a
6.2

7.0
100

26.3
12.3
24.8

21.1
100

3.2
100

0.41
100

o.@
100

L 1
10U

Y7

21
0.S

7

Rongelop AfoU, South:
Rongelap-@at . . . . . . . . . . ..- 218
Rongeh3F~rouper .. . . . .._. 452

1.1
0.4

0.8
11.2

6.4
1.0
24

2.2
0.a

1,s
.2.1

2.1
1.1
2.7

2.8
1.4

—

21
19.6

16,9
6.3
8.8

Average . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Pe.rcantof total activity.. . . . . . . . . .

Ron#elap AtoU, North:
Gejen—Snapper. . . . . . . . . . . . . 1,164
Kahll*SnspH. ... . . . . . . . . 735
Kabelle--Parrot . . . . . . . . . . . . . 1,957

2.0
18.7

24.7
1.9

m. 9

15,8
25.9

Q.9
25.4

0.55
27.2

009
10,3

0.02
Q

1.3
12.1

16.8
0.‘7
6.6

s.o
13.1

6,2
15.9

0.z
13.4

0,z
25.3

0.2
9

29
13.7

0.6
19.3

0.(M
9.8

0.H
227

0.1
9

6.0
227

0.5
16.1

0.M
14.6

0.1?
19.7

0
0

14.5
22.7

10.6
27.2

o.%
19.3

0.1:
L%.o

0
0

2.0
3.s

27
7.0

0.0s
4.0

0.04
4.6

0
0

4.7
223

0.9
29.0

0.04
9,8

0.38
57.6

1
91

10.3
16.9

& 6
9,4

0.4
1s.8

0.2
17.2

2
90

AveraEc. . . . . . . . . . . . . . . . . . . . . . . . . ..-
P&cent of total ncti-71ty..---------AklindnaeAtO~

StfO-Mapper . . . . . . . . . . . . . . . . 640
Percent of total activity . . .. . . . . . . . . .

Rongcrik .4hU:
Eni~etak-Squirrel . . . . . . . . . . 387

Pertnnt of total activity .. .. . . . . . . . . .
Ufkrlk AtoU:

Utirik-Parrot- . . . . ..-. ..--.. 42s
Percent of total sctivlty . . .. . . . . . . . . .

Likicg .-UOU:
Likiep-Snapper ... . . . . . . . . 453

Percent of total actirit y.. . . . . . . . . .
I -

. As determIned on bAs of U:OtStandardsand emplrlml scattarlug and ab?orptton corrections.
“Collections made February 1956. Data rep.mtedas of April-Xlay 1056.

Table 1 l—Summary of Beta and Gamma Activity in Fish and Marine Invertebrates (NRDL) *

CRABS I cumI Fm 8NAIM

1

IEYAND
h’o. of

Samples

Acthlty ●

M@wxlo+) No. of (d/A&w!%)
_ Samrm _

v #

Activity .
No. of (d/m/kgX10+

samples

P Y

4 648 613
1 17.7 420

Actkfty *
:d/mpcgX 10+) ?70. of

samples

@

24,s
14.9
19.3
17.7

22

4.5

1.6

26

u

28
. . . . . .

4.5
25.4

28

sl. o

.. . . . . .

.. . . . . .

T

. . . . . . .

. . . . . . .
8.8

.x7

15.0

. . . . . .

. . . . . .

— — .

87 ---------- -------
. . . . . . . . . . . . . . . . . -------

14.1 1 4.6
24.6 2 B

Is 3 . . . . . . . . . . . . . . . . .

14.5 1 &4

-. . ..-. . . . . . . ..- -

. . . . . . . -------- -- . . . . . . .

Rowelap AfOU:
North:

Gejen. . . . . . . . . . . . . . . . . . . . .
Kabelke. . . . . . . . . . . . . . . . .

Central: Enlaetok. . . . . . . . . . . . .
%uth: Rongelap ... . . . . . . . . . . . .

Ronwik A@:
Eni$retak. . . . . . . . . . . . . . . . . . . . . .

Affi?wnae AfoU.’
Slfo . . . . . . . . . . . . . . . . . . . . . . . -----

C7firikAfoU:
~tuik . . . . . . . . . . . . . . . . . . . . . . . . .

Likiep AtoU:
L!ktep . . . . . . . . . . . . . . . . . . . . . . . .

8
10
6
6

78.8
66.4
45.1
32

7.8

22.7

21

1.3

2 .

1
6

1

a

. . . . . . . -.

. . . ..- . . .

. .. ...... -------- .- ......- .
2 31 51

. . . . . . . . . . . . . . . . .8

. ... .... .. ------.. .......-

3 0.006 28

6

8

8 .. .................

● As determined on bask d l?IOI standards and empbical scattering and absorption corrections.
“Collections made February 1956. Data reported M of April-May 19S3.



IsLAlm

Rongdap A@:
Rongelap . . . . . .

Oejen. .. . . . . . . .

IKabdle. . . . . . . .

AUincinac .4@:
Silo.. . . . . . . . . . .

Rt?noerikAfoZL
Eniwetak . .. . .

QROSS ACI’IVITY 15

Table 12—Summary of Gross Beta and Gamma Activity in Birds and Eggs ●

I’em:
Egg nhell.. . . . . . . . . . . .
Egg, soft tissue... . . . .

rem . . . . . . . . . . . . . . . . . . .
vIsce?f .. . . . . . . . . . . . . .
Muscle.. . . . . . . . . . . . . .
Tibia .. . . . . . . . . . . . . . . .

rem.. . . . . . . . . . . . . . . . . .
Mu.QJl@. .. . . . . . . . . ..-.
Tibia . . . . . . . . . . . . . . . .
Egg shell.. . . . . . . . . . . .
Egg, soft tissue.. . ..-.

Pert. . . . . . . . . . . . . . . . . . .
Nfuscle. . . . . . . . . . . . . . .
Viseem.. .. . . . . . . . . . . .
Tibia . ..-. .- . . ..--...
Egg shell. . . . . . . . . . . . .
Egg, soft Wsue. . . . . . .

k-n. . . . . . . . . . . . . . . . . . .
Muscle .. . . . . . . . . . ..-.
Tibia . . . . . . . . . . . . . . . .
\’wra.. . . .. . . . . . . . . .

—

No. or
BAM?LBS

1
1
1
1
1
1
1
1
1
2
2

7
7
7
7
1
1

2
2
2
2

6
33
92

101
141

. . . . . . . . .
145
I&9
0.9
El.3

2?2.8

116
11.7

0.31
6

33

02
19.7
.22

9

RAD1OACHVI’IT.

Beta
(d/m/samplexlO+) (dtmIlgxlO+l

NDA
0.23
0.93
0.38

.NDA
N DA
1.1
0.1
0.07

ISDA
o. Is

0.38
0.0s7
0.08

A“DA
h-DA
o. B3

1.9
0.04

h7DA
0.05

0
7.9

10.1
8.8
0
0
7.8
h9

79
0
6.7

8.3
4.9

—

o
0
7.(4

21.0
23
0

Oammm
(d/m/samrdeXIH( dJmkgXIH)

0.62 10.8
0.11 3,a
0.32 8.6
0024 0.x!
0,019 0,14
NDA o
1.7 12
0.13 7.7
0.027 30
0.1s 26
0.3 1.a

1.7 14.7
0.48 36.7
0.14 —

NDA o
0.cm 10
0.11 a.a

0.9 9.s
0.03 1.9

NDA o
0.09 —

● As detwmlned on bd.! d USOI standards and emplrice.1scnttarlngand nbsorptlon cam?ctlons
●Counted In AD+M8Y M.58.
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S23b. . . .
s327---
Sbbo.-..
S331. . . .
3354 . . .
s3d9.---
3274___
s376---
s379.___
S380.-..
S3K.. -.
S384.-..
3335. . . .
33a7----
s240----
s357..-
S3b2.. . .
32w...-
2393.-..
3s94----
S22&...
2327-. . .
8323----
S2m----

1619
1612
1541
1542
1322
lb55
lbb4
1559
lm
1615
1592
1674
1577
1572
1522
1635
1534
1617
lW1
1’5s9
ldsb
1e37
16?S
lbm

BAXPUNO
LocAnoN

RongFJIBP.-----
.. . ..do ... . ..-.. -
Kr&ue--------
,. . ..do ..--------
~egon ..--------
81fo-----------
En!we@k. . . . . .

,._-dO . . . -------

LikteP . . -------
-.--do . . ..-- . . . .
Utirlk. --------

._.do . . . . . . . . . .
-_.do . . . -------
_-do . . . . ..-..-
ROngelap. ... . . .
oeJen. . --------
EnIaemk. .. . . . .
LlkleP . . ..-... -
utlru .. .. ..-.. -
. ..-do ... .._.. -
08Jen.______
---do ... .------
. ..-do ... . . . . . . .
-...do ----------

GROSS ACTIVI’fT

Table 14—Results of Analyses Performed at HASL

17

MARINE0RCIANISM8

01N3ANISM TISSUE

Surgeon ..-...-. Entire.. -
Damsel . -------- .--.. do....,
Butterfly . . . . . . . .-... do....
Damsel.. . . . . . . .--.. do....
Burgw .. ..-. -.. .--.. do.....
Buttally . . ----- .--. do....,
Dwnsel . . . . . ..-. . . . ..do ... .
Burgeon . . . ----- . . . ..do . ... .
Butter fly . . . . . . . . ..-.. do.....
Damsel.. . . . . . . . . . . ..do ... . .
Burgeon.. . . . . . . . ,. . . ..do ... ..
Dwnael . . . . . . ..- . ..-.do ... ..
.---do .. . .. . . . . . . . . . ..do ... ..
Surgeon . . . . . . . . . . . ..do ... ..
cOnd . . . . . ..-... - . . . . . . . . . . .

. . ..do ... ..- . . ..- . . . . . . . . . . .

.---do . .. ..-... -. . . . . . . . . . . .

..--do .. .. . . . . . . . . . . . . . . . . . .

. . ..do . .. . . . . . . . . . . . . . . . . . . .

. . ..do ---------- . . . . . . . . ..-
Splder hail..... Entire . . . .
---do . .. ...-. -.. ..-.. do.....
.%xx-plonSnafl.. -. . ..do.-...
.---do ...-------- . . ..-do ... ..

_

~l&A:;

AIC#-

4-9-30
4-9-50
4-0-50
4- O-M
twb
4-+bb
4- 9-M
69-56
4- 9-M
4- 9-M
4- *bb
4-9-56
4- Z-bb
4- e-m
4-10-56
4-10-50
4-10-60
+lo-bb
4-10-M
4-10-M
4-23-bb
4-23-50
4-23-M
4-235e

TOTAL
AmVITT
@l-

62*e 4
S7* o

Lost
I!M+& o
235*K O
95*5, 7
%6. 2
24+6.Q
61*6. 2
11+115
22*5 4
14+11
22*6. 7
18*O.o
35*17

310+22
205*20

<]5
<]B

21*15
520*10

2180+29
2331O+2XI
3$00+120

W%kn

<0.10
.. . . . . ..- .

Law
2.8+0.55
.. . . . . . . . .

<0.81
<0.15

.. . . . . ..- .

.. . . . . . . . .
1.37*O 23
.. ----- . . .
. . ----- . . .
.. . . . . . . . . .
. . . . . . . . . .

<0.02
8.1+0.42

so. 45
<0.27

1.43+0.14
4.4+0.30
L a+o. M
1.1*O, 44
1.5+0.58

cl~ln
d/m/gmm

.. . . . . . ..-.

.. . . . . . . . . .

.-- . . . . . . .

.. . . . . . . . .

.. . . . . ..- -.
------- ----
.. . . . . . . . .
.. . . . . . . . .
.. . . . . . . . . .
.. . . . . . . . .
.. . . ..- -..
.. . . . . . . . .
.. . . . . . . . .
.. . . . . . . . .
------- .-.
.. . . . . . . . .
.. -. . ..- .-.
.. . . . . . . . .
.. . . . . . . . .
.. . . . . . . . -.

13+0.a
4 0+0.48
3.4+1. b
7.1*1.1

on
gmmB/

-------- ..
.........-,
--------- .

(1021
... ---- ---,

.024

.033

.032

.0’23

.a37

.015

.020

.028

.022
.. . . . . . . . .

.81

.35

.WJ

.20

.24

.018

.aJ72

.OW1

.0125

—

6. u.

. . . . . . . . . .

--------- .

. . . . . . ..- .,

41*3. 1
--------- -.

<lb
<2,1

------- -..
. . . . . . . . . .
4b+2.8

.. . . . . . . . -.
------- ----
. . . . . . ..- .
. . . . . . . . . .,
------- .-.

so. 91
4.1+0.55

so. M
so. 47

0.01+0.27
11O*9.8
62+21
67+24
llbtil

-------
.......
.. .....
S.a
.. -----
.- . ..-.
. . . . . . .
-------
.-- . . . .
a4

. . . . . .

.- . . . . .

.. . . . . .
-------
-------
.- . ..-.
1.b

.. . . ..-
-------
2.a
.33
.ml
.W4d
.016

●C-Date : Daw of wuntlng.
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18 RADIOACTIVE

c.
Graph 3 shows the

CONTAMINATIONOF AREAS IN TEE PACIFIC OCEAN FROM N’UCLEAR TESTS

Tables 19 and 20 show the analyses by
HASL.e

The data clearly indicate the major portion
of the activity is to be found in the top three
inches of the soil. As suggested in chapter III,

Ce’*-Pr’” and Ru’Oe-Rh’w makeup much of the
fixed contamination in the soils at periods of one
year and more after the fallout occurred.

general levels of activity
in the-soils of Kabelle-and Labaredj Islands of
Rongelap Atolls, as reported by AFL.’

Tables 15, 16 and 17 report the activity in
different soils at different depths for the Feb-
ruary 1955 survey,* and Table 18 for the Feb-
ruary 1956 survey 4 by NTRDL.

Table 15—Beta Activity in Core Samples of Soil (NRDL) * .

BETA ACTIVITY @)mln/g)

NOB::

1
3
4
1
1
1
3
3
1
2
3
2

ISLAND 1-IN. INCREMEST 0? SOILCOEINO

bthad

40
240
570

7,m
4,3cm

29,(03
10,cum
26 Ocnl
E,WI

13,m
250

3,Ow

1st

140
1,250
6,WI

10,803
57,m
42,OCO
43,m
53,m
37,m
35,Oco
4,cwu

16,W2

2d

40
4s4

2,100
7,lW

24, Ocm

33,000

30, Coo

48,OW
37,cum
40,001

740
7,5(NI

4th WI 7th
— ,—

ISD.4 (=I
134
420

6,403
18,6(KI
~, ~

3.030
X1,lxm
4.030

10,500
170

2,m

h“DA
100
230

6,S4fl
26,Orx
19,all
2,m

14,cW
4,400

10,Om
I ‘m

1,3(N

1s0 60
164 m

. . . . . . . . . . .
12,@xl 11,m

2,3cC 180
1,Mw . . . . . . . . .
3,403 . . . . . . .

10,033 4,icn
lffi 27

1,103 103

(.) N-Odetectable actirity.
“Collections made about February 1, 1955. D8tn reporkd 6sof March 1, 1955.

Table 16-Summary of Beta Activity in Gross
Samples of Soil (hTRDL) *

Table 17—Beta Activity in Soil Samples Taken “
From Exposed Soil Profiles (NRDL) *

BETA .4CTITtTr @./rein/g),ISLANDBETA .4cT1wTy (&-I
mln’gj, DXPIII o?
SOIL

DErrH (Is.)

Rongelap LabaredJ Kabelle
. — .

12.4cN 130,Cclo 72.m
1,5X3 380 6,80)

110 1,xx)
140 770 130

NDA(S) 160 40
120 70

. . . . . . . . . 40 103

. . . . . . . . .
-;:F ------

. . .

. . .. ...1----

.... . .. .. . . . ... . ..

I i----------

——
Kabelle

93,cm
2,SW

402
2,3C0

w
70

h-D.:
03
40

Ic3bdle

97,m
440
130
240
140
90

NDA
.. . . . . . . .
.. . . . . ..-
. . . . . . .-

19LASD h-ZWRER
or SAMFLE$

LlkieP ... . . . . . . . . . . . . . . . . . . . . . . . 1
Utlrlh. ---. . . . . . . . . . . . . . . . . . . . . . . . 4
Rongelap .. . . . . . . . . . . . . . . . . . . . . . . . 5
Entsecok. . . . . . . . . . . . . . . . . . . . . . . . . 2
LabaredJ. . . . . . . . . . . . . . . . . . . . . . . . 3
Kabelle..._. . . . . . . . . . . . . . . . . . . . . 6
Oejen . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Bkar ----------------------------- 1
Enlwetak . . . . . . . . . . . . . . . . . . . . . . . . 1

1 t05 In.

5?53
WI
640

I,3C0
3,103

12,4241
CQ

240

Otolir.

90
960

s,WI
4s,(KXJ
a’, W3
96,Ocm

34s,m
& 403

12,cm

● No detectable activlts.
“Collectlom made abo;t February 1,1955. Dats reported M of M8rch“Collecthms made about February 1,1955. Data reported ESof March

L 1955. 1, 195.5.
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GROSS AC!TIVITY 19
Table 18<ross Beta Activity in Water and Soil Samples ● ~L)

,

Oejen Eniwetak Erdnetok Rongelap Slfo Utirik Likiep

Soure WA TZBb (c,hqfliterx lcr~)

Cisterm ------- ------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ----- ------- -----

{:::: ::::: . . . . . . . . . . . ::7: ::::::

. . . . . . . . . . . . 0.COs . . . . . . . . . . . . h-DA (*) . . . . . . . . . ..-

Well . . . . . . . . . . . . . . . . . .
KDA 0.1, N DA. . . . . . . . . . . . . . . . . . . . . . . . . . . . --------- -- ------- -e-- ------- ----- . . . . . . . . . . . . . . . . . . . . . . . . -------- ---- 003, . . . . . . . . . . . .

Ohm .. . . . . . . . . . . . . . . . . . . . . . . . . NDA
XIJA------- . . . . . . . . . . . . . . . . . . . . . .- NDA

. . . . . . . . . . . .

Lsgoon .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
0.00 006

NDA
o. lx

A-DA
h’DA

~DA NDA
0.043

0.08 009 KDA

Depth (in.) 6(JILb (C/kn/’kgX 10-1)

0-1 . . . . . . . . . . . . . . . . . . . . . . . . .-- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3470
12. . . . . . . . . . . . . . . . . . . . . . . . . .

34 E 6.43 7.00 4.97 4.43 NDA

18. . . . . . . . . . . . . . . . . . . . . . . . ‘---------’ -----’” ----” ”-------- ”- -“”-””-o;&” ------ 070 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .24------ e------------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . h-DA ,VDA. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- ----- A-DA
% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0,04 0.51 . . . . . . . . . ..-

1.33 . . . . . . . . . . . . . . . . . . . . . . .
% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -------- .-...- ------

NDA

4445 . . . . . . . . . . . . . . . . . . . . . . XDA

48... -. . . . . . . . . . . . . . . . . . . .."--" ---------------"--"-------"--`-~ ‘----------” “--h. DA”-”
007 . . . . . . . . . . . . . . . . . . . . . ..- -----------

&s . . ..- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ::-”” ------- XD-4 . . . . . . . . . . . . . . ------ .-.
0.70 . . . . . . . . . . . .

All counts were corrected for the counting e!%ciencyof SrK-J-W,
Gros&~sctivity ofplmtwmples wa>dctcrminc,d hApril :9Mandthat ofsoiland watcrinh1sy19M. Collection dste: February 19M.
NDA kndmmesno drtectsble activity.

DOE ARCHIW



—.—.
I

HiSL 13mc.
No. N{).

31E7 . .

3fN . . .
I

31s4-
31175 .
31s0 . .

3187... . . .

31N4 . . . . .
31m . . . .
31$X1. . . .
3101. . . . . . .
3102. . . . . .

3193. . . . . .

I—-

A1

A2

A3
A4
A6

AtI

A7
Afl
AD
A 10
All

A 12

—

(%LLEO
T!nN
DATE

——

10-21-66

1(F21-5fI

10-21-M
1O-21-M
10-21-66

1*21-M

10-21-55
1O-2I-.M
1O-2I-K5
10-22-55
l&22-66

10-22-55

——

Table 19-HASL Analyses (AXL Surplus)

SOIL
———.———

ARRA CML-
LECTEl~ (IShlld) DEWRWTION nEFTE

——. —..

KBbell@.. . . C)pn IWer-’XYJysrdn from lagoon neat ~3t?

mldklnnrf.
. . ..do . . . . . open rmen-200yctrds from Ingoon neru 3,gtt

m!rllsbmd.
...xln . . . . . Or~~!ar?~–~f~tfromAlandA2 . *3,,

. . ..do . . . . . (Imss mm–ill feet from A I md A 2. . . . . 34?,

LabnredJ Open arm—l@3yard?. from lcgoon (hb?h W3°
tide mnrk in SW part of tsbmd).

. . ..do . . . . Open arrn-1(k’1ynrds from 18gorm(bkah M“
tido mark In SW part of Mnnd).

..-do... Under s tr~ 16fmt from A 6 and A f). ./ }3”

.dn . . . . Under n trm 15feet from A 5rmrf A 6. . . . . ‘ w“
Rnngelnp Orn~screwwrJl (10bwt W nf~ell~. ---- 0-3”

do. . . . . . OWNSnfmrwell (10feet W of well) ..- 34”
do. .. . . I’npnyn cluster (new schrmlbouse)rocky o-3”

Snll.
do. . . . . . I’ntwwn cluster (near .mbnolhorcm)rocky 3-6”

mu.

————

@ “D.chrofcmmtlng Fetmmry IfIE+I.
~ sw tsblo M for rwtlm~tocof mailablecnlclurnand of Sunshine[Tn!td.

P

i%

g

ii

BECKMANMX-6 REAmNO

E!nrf*m

3.6112

3.6/12

2:3
2!6
2:8

2/8

o. 6/7. o
0. 6/7.o
0. 3/0. Q
0.3,’0.9
0. 8/1. o

O.all. o

3“ blow

...

0.3:1.0
0. 3/1.0

0.0510.3
0. 05/0.3

o. 1/0.6

o. 1/0,5

6“ hl?low

o.2;0.v

0.21’0.9

0,2/0.6
w 2/0.5

t).W,(O.5

0.CWo.5

0.07/0.6
0.07/0.6
0.05,0.2
0.06/0.2
o.1/0.4

n.110.4

——

wet

lm0*22s

617+ 90

6wm*lt12
302+104

6470+147

623+ 3S

74sn*12v
3:** ill

m+ 74
41m* .s4

6700+ 69

104O* 75

Dry

16300+244

M&k 06

7950+1s2
329+113

6’JW+161

678* 97

94’30+164
3Q5* 73

423MIM
643* 72

123m*149

1410+101

8r-90dlmhmcn

Wet
—-

606*4. 7

22.7+9. 6

206+3.3
4.7+0.67
163*3.4

6.734. w

263+4.5
4.99.47
187*2.6

11.8*0.6-9
212+3.8

32.8+1.0

Dry

643*6.1

24.2*2. 8

24M4. o
5.1+0.72
206+3,7

7.3*1. !

234*5. 7
6.4+6.62
234*9. 7

16.8+0. 01
467*7. 1

42.6*1. 4

●



GROSS ACTIVITY

Table 20--Results of Analyses Performed at HASL

21

H;~L Nll~L

S’Ut2. . . . . . . to3
34s3. . . ..-. m
34sl. . . . ..- doo
a549. . . . . . . s19
354 S....... 814
s4M------- 724
M93------- ?2s
S463------- 547
3402------- 542
3330. . . ..-. 7a9
3529.. . . . . . 762
3507. . . . ..- C82
Sso6. . . . . . . 076

SOIL

8UPUNQ LocAnoN

EWtik ----------------------------------------------------
.---do -------------------------------------------------------
. . ..dO .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Ltilep ------------------------------------------------------
..--do -------------------------------------------------------
Etiweti ---------------------------------------------------
----&o -------------------------------------------------------

G~n -------------------------------------------------------
. . ..do ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
utkti .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . ..do .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
sti0---------------------------------------------------------
. . ..do ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

“C-Date: Drd.eofmurrting.

See table 34for eattmat~ of amu7atJJcCAIclomand of SunsblneUrdt6.

D. Water

Table 21 suggests a relatively h~h ratio of
activity dissociated with the filtrate. However,
it is probable that much of the insoluble ma-
terial had settled out, therefore, the values do

-

Cizh:

ACTIWTI

4-21-M
t21-5a
4-14+.6
4-21-s0
4-21-50
4-21+
t14-36
4-21-s6
4-14-66
4-21-36
4-14-5(3
4-21-36
4-14-56

—
TOTAL
Ac’rrvrrT
d/m/grem

—----l l—-——l—
<0.Q ------------ -------- . -------

L 6+0.42 . . . . . . . . . . . . -------- --------
273+0.8 . . . . . . . . . . . . &o --------

50.47 . . . . . . . . . ..- ----...- --------
1.2*O. 71 ------------ -------- --------

<0. m ------------ -------- --------
ml. 4 ------------ Z7 --------

1.09.4$ . ----------- 0.s4 .-- . . . . .
.640*2.4 1525*W 24 12
s 44ccr.72 . . . . . . . . . ..- -------- .-- . . . . .
49+1.8 ------------ 8.1 --------

<&55 ------------ . . . . . . . . --------
25*1. o ------------ 4.6 --------

not represent all of the radioactive material
that fe~ on these surfaces. In fact, data from
other fallouts suggest a value of about 10-20~o
solubilit y.

Tables 18,4 21,* and 22 ~show additional data
on gross activity found in water sources. Table
23 gives the analyses by HASL.6

Table 2 l—Radioactivity of Water Samples, July 1954-October 19s 5 (AFL)

(Vshes erpressed In d/m/llter#I.tL5eountlng error)

DATE AND ISLAND

IionKelap Atoll:
7/16/54,Ka@lle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
12/1S/M.Rongelap . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
l/2R0/55,Enbmtok. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Ksklle ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .
hbwWj .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
LOmtilti . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Rongelap .. . . . ..-. - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

lo/21-22/M, mbue . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Labared] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Rongelap. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

AUingime A toll:
10,ZV55,Edbuk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-

LAOOON WATER

Untreated Treated

3sm*3m . . . . . . . . . . . .
. . . . . . . . . . . . . .

33m*2vx . . . . . . . . . .
6SW*3XM . . . . . . . . . . . . .
Mmtwxl . . . . . . . . . . . . .
66W*3C?30 . . . . . . . . . . . .
35akt16m 410+15(
603*1L?LM 450*16(

lw+lm 60*IZ

h.AND ~ATEII

FILTEkW
UWILTZEED

Flltrabs Residue

. ....- ......... ............. . ..............
30)o*lw K4!Jktlw .. . . . . . . . . . . . .

17axkt2mM# . ...7. . . . . . . . . . . . . . . . . . ..-
4K03*220U*” . . . . . . . . . . . . . . . . . . . . . . . . . . . .
m*- .- . . . . . . . . . . . ------- . . . ----

42CO*1SIX)* .. . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . .
540+.120 310+IWI 75*17#

53W*140 430Q’XQ 12ms4”
lwl+so s3&k140 75*19**”

1400+91 fm*140 SZ3*5W

“From cistern near scbmlbo~; #from well back of schoolhouse,- ‘“ground water; #$standiag water from can, drum, etc.; ““”from ckt.em titb
eollapscd roof. Date cd analysts: Ko-iember 1S-20,1953.
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22 RADIOACTIVE CONTAMINATIONOF AREAS SN THE PACIFIC OCEAN FROM NUCL13AHTEBTB

Table 22—Summary of Gross Beta Activity in Water (NRDL) ●

1-
BETA ACTIVITY @./ml4Uter)

eouwxe or WATER

lm.Ah’n
ocean Clllterlr

La#d&
WeU Barrel] Tree Bole S%%%e

o~ydy Top Bottom

Llklep.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . NDA ● NDA 12 . . . . . . . . . . . . NDA . . . . . . . . . ..- . . ---------- ------------

Utirik..- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 NDA m 1,350 23 . . . . . . . . . . . . ------------ ------------

Rongelap. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80 330 6,3W lb cum KKl
Bu.wb. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .

44,C410. . . . . . . . . . . . . . . . . . . . . . . .
80 NDA ------------ ------------ ------------ -------- --- 14,Om ------------

Erhetok. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44m 2rW 23,m ------------ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ------------

L8baredj... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7,7cm So . . . . . . . . . . . . ------------ . . . . . . . . . . . . . . . . . . . . . . . . 8, lW . . . . . . . . . ..-

KrheUe... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2300 00 . ----------- ------------ . ----------- . . . . . . . . . . . . ----------- 15,mo

L0muila3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38C 170 . . . . . . . . . ..- ------------ ------------ ----------- ------------ . . . . . . . . . ..-

Blkar... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87 28 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Enlwetxik.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . lfll 170 ------------ ------------ . . . . . . . . . . . . ----------- ------------- ------------

● No detectable activity.
‘Collections made about February 1, 1935. Dab reportad 86of MNCh 1, 1956.

,

Table 2 3—Results of Analyses Performed at HASL
WATER

HASL NRDL
NOMBZB NUMBER

——

8457------
3483..-..-.
8526------
8627... ..-.
83=-----
3523.. . . . .
3647.. . . ..-
3458.. . . . .
34fa..-....
8478.-...
8497... . . . .
8m..- . . . .
8325... . . . .
3S46..- . . .
MIY..- . . . .
M61.. _...
S479-------
3496. .. . . . .
851O..-.. .
35%------ .
a345----- .

I

M3
699
735
787
73s
767
so

llw
1036
1007
102s
1023
1030
1032
1002
1024
lo(m
1027
1024
lo2e
1031

—

I M&”:’
6AMYUN0LOCAITON TYFE

ACTIVITY

RoUelap ----------------- Well or eletern. . . . . . . . . . . . . . 3-8-66
Entitok ------------------ tins. . . . . . . . . . . . . . . . . . . . . . . . 6- s-56
Utkk -------------------- Well . . . . . . . . . . . . . . . . . . . . . . . 6-8-33
. . ..do. . . . . . . . . . . . . . . . . . . . . . ..-rio. . . . . . . . . . . . . . . . . . . . . . 6- E-36
. ..-do. . . . . . . . . . . . . . . . . . . . cW%rr.l.... . . . . . . . . . . . . . ..-. 6- %66
. ..-do. . . . . . . . . . . . . . . . . . . . WeU . . . . . . . . . . . . . . . . . . . . . . . . 3-8-36
Llkiep. . . . . . . . . . . . . . . . . . . . . . ..-do. . . . . . . . . . . . . . . . . . . . . . 3- s-66
Ror@elraP.. . . . . . . . . . . . . . . . Lagoon . . . . . . . . . . . . . . . . . . . . . 6-11-66
Gejen. . . . . . . . . . . . . . . . . . . . . .-.. -do. . . . . . . . . . . . . . . . . . . . . . t-n-66
Enlaetok... . . . . . . . . . . . . . . . . . ..-do . . . . . . . . . . . . . . . . . . . . . . 6-11-56
Enhvetak . . . . . ..-. -------- . . . ..do. . . . . . . . . . . . . . . . . . . . . . 6-11-55
Sue. . . . . . . . . . . . . . . . . . . . . . . . . ..-do. . . . . . . . . . . . . . . . . . . . . . 6-11-30
Ut!rik..- . . . . . . . . . . . . . . . . . . . . ..-do. . . . . . . . . . . . . . . . . . . . . . 6-11-.!43
LlkieP. . . . . . . . . . . . . . . . . . . . . . ..-dO. . . . . . . . . . . . . . . . . . . . . . b-11+1
Ronge!ap. . . . . . . . . . . . . . . . . Ocmn ... . . . . . . . . . . . . . . . . . . . . 6-11-66
De@n. . . . . . . . . . . . . . . . . . . . . . . ..-do. . . . . . . . . . . . . . . . . . . . . . 3-11-50
Enhetok.- . . . . . . . . . . . . . . . . . . ..-do. . . . . . . . . . . . . . . . . . . . . . 5-11-66
Erdwetak. . . . . . . . . . . . . . . . . ..-.. do. . . . . . . . . . . . . . . . . . . . . . &l 1-66
Silo. . . . . . . . . . . . . . . . . . . . . . . . . ..-do. . . . . . . . . . . . . . . . . . . . . . 6-11-66
~~~~...........-...-.... . ..--do. . . . . . . . . . . . . . . . . . . . . . &I1-36
Likiev. . . . . . . . . . . . . . . . . . . .-... do. . . . . . . . . . . . . . . . . . . . . 5-11-34

d/m/l @n
TOTAL ACTIVITY $Efl dfmil % Srm % csjn

23W*32

87*15
W*15

1846

1E30+32 Wu!21 mo+zo 24 12
600+2.3 . ..-... - 130+12 . . . ----- -.... -..

~20 . . . . . . . . 44*6. 2 . . . . . . . . . . . . . . . .
519 . . . . . . . . 33+16 . . . . . . . . . . . . ..-.

43+!m . . . . . ..- 49+18 . . . . . . . . . . . . . . .
28*2O . ------- 27+4.6 -------- .-... -..

~m . . . . . . . . 34+13 . . . . . . . . . . . -----
%5S . . . . . ..- 35*S. 4 -------- . . . -----
523 . . . . . . . . . . . . . . . . . . -------- . . . . ..-.
$20 . . . . . . . . 22+16 -------- --------
s 19 -------- 32*’S.4 -------- ..- . . ..-
Szl . . . . . . 24*IO -.... -.. . . ..-.-.
s 19 ..-... - ---------- -------- . . . . ..-.
Tal . . . . . . . 31*1O -------- --------

49*IB ..-. -.. M*2 2 -------- . . . . . . . .
s 18 . . . . . . . . . . . . . ..- -------- . . . . ..-.
~23 . . . . . . . . 3e*2. a . . . . . . . . .- . . ..-.

26*19 . . . . . . . ---------- -------- . . . . . . . .
519 . . . . . ..- ---------- ------- . . . . ----
~21 . . . . . . . . 41+2 2 . . . . . . . . . . . . ..-.

45449 . . . . . 4.M3 o . . . . . . . . . . . ..-.
1 I

“o-Date: Date 0! WILLltiOK.
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CHAPTER Ill

Radiochemica I Analyses

t
J

1’

\

/

Tables 24 and 25 show the radiochemical
analyses made by AFL for the 1954–55 sur-
veys,2 and Tables 26 and 27 for the July 1956
survey.7 In two pools of 15 and 19 fish muscle
samples collected in late July 1956 and analyzed
by AFL no radiostrontium was found.

Tables 28 and 29 show the radiochemical
analyses made by NTRDL for the February 1955
survey,a and Tables 30, 31, 32, and 33 for the
February 1956 survey} Table 34 shows addi-
tional analysis of soils from the February 1956
survey including data on exchangeable calcium.

Tables 4, 5, 6, 13, 14, 19, 20, 23, and 35 show
analyses by HASL.

In terms of a potentiil biological hazard the
strontium-90 activity is of most interest. At
one year post detonation NRDL reports:
<d

. . . In muscle and viscera samples of the
animals from Rongelap, Utirik, and Rongerik,
S# contributes approximately 0.5 percent of
the total beta activity. SP is present in an
approximately 1:1 ratio with SPU. Since the
Hunter and Ballou calculations indicate that
S?” and Srw each contribute about 2 percent
of the total beta activity at one year after fis-
sion, there does not appear to be any fractiona-
tion of radiostrontium into the soft tissues.
As expected, most of the internally deposited
radioactivity was found in the skeleton.

“Tissues of a few marine specimen were
analyzed for CS137(37-year half-life) ● since this
nuclide was present in high concentrations in
water and coconut dk from this area. The
tissues of the rooster and of the coconut crab
contain significant amounts of CS]37. A very
high fraction of CS’37activity was noted in the

“N ewst estimates indlcati z7.7-Jcarhalf-life.

muscle of the rooster (40 percent of the total
beta). * Further radioanalyses of marine speci-
mens indicated that the rare earth group con-
stituted a few percent of the total beta activity.
Ru’w-Rh’Oo and Zr’5-hTbg5contributed the largest
percentage of the total beta activity.”

The AFL reports:
[1

. . . The SrW -ialues for food plants, except
coconuts, collected in October 1955 approxi-
mate the theoretical proportion of mixed fission
products activitylz at 1.7 years, 4 percent.

Coconuts contained 0.1 percent Srw with appro-

priate correction for time of collection. . . .
ic

. . . In contrast to the strictly marine
forms, the coconut crab, which feeds principally
on land plants, had Srw levels of 3 percent in
the muscle and 12 percent in the hepato-
pancreas or liver, where calcium salts are stored.
The radioisotopes in salts leached from the
carapace were found to consist entirely of
Srw-yllo. . . .

66
. . . Radionuclides of Sr, Cs, Ce and their

daughters did not account for the total activity
in most (fish) samples analyzed. Complete
fission product analyses of samples collected
at Eniwetoli and Bikini Atolls indicate that
non-fission-product radionuclides may account
for more than half of the total activity in some
fish. ZnM contributes one-fourth or more of
the total activity in shark muscle as determined
by radiochernical analysis and confirmed by
following the decay.” (Zn~ is not a fission
product.)

The two-year survey by NTRDL continues to
indicate the high percentage of Zna in fish.

‘SePSection IV.

s
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24 RADIOACTIVE CONTAMINATIONOF AREAS

Unlike localization in the liver of mammala,
Zna was found distributed fairly uniformly
among the tissues. The Cow found in clama

Table 24—Radiostrontium, Radiocesium and
Radiocerium-Praseodymium in Biological
Samples, December 1954-January 1955 (AFL)

b , I

S* Sfi

.—

I June-JuIw
Ronmhp Atoll: lJ

Oejen.-..-..-. 81coconnt mflk ----- <0.1
Kabelle. -..-.. a? C%derp.x..-. . . . . . . . . .

30coconut milk . . . . . . . . . .
3SHalinwda. . . . . . . . . ------
39 COCODUtcrab o.M

muscle.
41mullet muecle. -.. 0.0

Lsb@j. . . . . . 29mcouut mtlk . . . . . <O.b
42temb0ne..- . . ..-. 0.0
43 tern bone... . . . . . . 0.0

Melfu -------- 40dogto+th tuna 0.0
muscle.

Ronsebip ... . . . n fwconut meet .. . . . 0,0
B comnut m[lk ----- 0.0
32 Wdanus fruit... >0.1
34pspayame8t ----- >0.1
33squashmeat.. . . . . >0.1

● ✍

:0.1
. . .
. . .
. . .
48

0.0
:0.6
0.0
0.0
0.0

0,0
0.0
L 3
25
Lb

sepf.,

Ott
1066”

81.
0.0

72
0.0

67.

0.0
76.
0.0
0.0
4.8

%
78.

110.
as,
61.

IN THE PACIFIC OCEAN mtOM NUCLEAR TESTS

accounted for the major portion of the activity.
(The ability of clams to concentrate Coa selec-
tively was vefied by laboratory experiments.)

Table 25—SrW in Biological and Lagoon Bottom
Samples from Rongelap Atoll, October 1955
(AFL)

IsIMm
TOTAL

Aerrvm?
d/m/g”

Julu,
A ua.
?966●

0.0
71.
0.0

23,
L o

1,6
0.0
2S.
!26
0.6

<0.4
<0.2

0.7
8.7
1,0

}

depth of watir 6’, Top ~ch-- *~
fraction contalnhg ,m ~&-- ~’ ~

Wrtlclw >0.074

I mm dismeter. J
I

Rongehp-. Coconut mw3t..-. . . . . . . . . . . . . ..- 110
Pandanus frnlt. . . . . . . . . . . . . . . . . . 1s0
hlorinda tmlt. . . . . . . . . . . . . . . . . . . 41

I.abaredj -.- ti-twm .. ..-. ----------- 40
Kabelfe .. . . . Coconut crab muscle.. . . . . . . . . . . 440

Coconut cmb liver . . . . . . . . . . . . . . l,mo
Coconut crab eelte of earapaee... . . . . . . . . . . .
Coconut crab cutjcleOfmrapece- . . . . . . . . ..-

Labrmdj -.- Obmt clam mantle and muscle.. 1,700
Cliantcla mkldncy. . . . . . . . . . . . . 6,m

Do . . . . . Bonltomuscle .. . . . . . . . . . . . . . . . . . 150
Bonjto liver .. . . . . . . . . . . . . . . . . . . . 1,700
Bonjto bone.... . . . . . . . . . . . . . . . . . 390

EMMle..... GrOupermuscle. . . . . . . . . . . . . . . . . 81
13rouperfirer . . . . . . . . . . . . . . . . . . . 6,300
GOatOebmuscle.. . . . . . . . . . . . . . . . 42

Laba?edj-. . Tern muscle. . . . . . . . . . . . . . . . . . . . 61
Kabelle ----- Lagoon bottom, }

s+,
Pxucmw
or TOTAL
Acmwrr

o
21
4.6
&a
2.9

12
60.0
29.0

0
0
e

<0.:
0
0
0
0

0.73
0.71

‘Dates Ofmmhs.ts. “Wet weight btw!semept lagoonbottom which h on a dry welgbt bmls.

Table 26-Radiostrontium in Plants Collected at Rongelap Atoll July 23-24, 1956

counted September 4, 1956 (AFL)

TOYAL
PLAh7 TMUX

ctiAgC#:
ISLAND /.?ACTIVITY dlm?(~wet

d/m/gwet

Breadfruk ... ..-- . . ..-- . . . . . . . flip ---------------------- Rongelar,----------------- 4.2.0 0.32*O.03 0.oxB2s
Morhda --------------------- Pulp md seed. ..-.. -.- . . . . . ..-.do --------------------- so. 4 al+o.1 0.00136
Pmdmu -------------------- Seed. . . . . . . . . . . . . . . . . . . . . . .---. ~o--------------------- 79,7 2 2+0.6 0.00450
AmowMt ...----------------- pU]Pand ski ... . . . . . . . . . . . . . ..do --------------------- Ickl 2.5443.6 003333
coconut ... .. ..-. -.-. . . . . . . . . . Milk. . . . . . . . . . . . . . . . . . . . . . . . . ..do --------------------- 262 0

no----------------------- Meat .. . . ..-- . . . . ..-. .-. -.. .-. --do ..-------------------
. . ----- -----

64.6 0 . . . . . . . . . . . .
Do.. -------------------- h!llk .--.. -. . . . ..--- . . . . ..- ~M1le ------------------- we o ------------
h----------------------- hfmt ---------------------- .-.--do --------------------- 14s o . . . . . . . ..- --

“SCN.%HSE

Lh71’s” 8+:8+

691*7O 1.77+0.10
694M 3.WI*o.32
1KM44 o.76+0.06
29%39 1.4s+o. @5

.. -. . ..- . . . .. ---- ------

. . . . . ..- . . . -------- ..-

. . . . . . . . ..- ------------
------- ----- -------- ----
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Table 27—Radiostrontium in Land Hermit Crabs (Cenobtkz sp.) Collected at Rongelap Atoll July
23-24, 1956 (AFL)

Radioactivity an oj Counting Date, Septembvr 10, 1868

TOTAL
8?ECIXXN NUMBER TISSUX ISI.Arm 8 ACTIVITT

dimlg wet

1+9-------------------------- Liver --------------------- Kablle -------------------
m----------------------- Made -------------------- ---.. do---------------------
------------------------ Rkeletin ------------------ . . . ..do ---------------------

14-------------------------- Liver .---- . . . . . . . . . . . . . . . . .-... do. _.. --- . . . . . . . . . ..-.
Do . . . . . . . . ..- . . . . . . . . . . . . Muscle.. ..---. . . . . . . . . . . . . . . . ..do ... . . . . . . . . . . . . . . . . . .
h----------------------- Skeleton . ..-. -.. -..-. . . . . .-... do.... . . . . . . . . . . . . . . . . .

1+1-------------------------- Muscle-------------------- . . . ..do_ . . . . . . . . . . . . . . . . . . .
m----------------------- Skeleton------------------ . . . ..do ... . . . . . . . . . . . . . . . . .

1-42-------------------------- ..-.. do.. .. . . . . . . . . . . . . . . . . . Rongehp . . ..-. -.-- . . . . . . .

243
434

6,410
633
273

~ 100
444

b,&xl
3,mo

I I I

—

dfn%wet

42+2
62+22

24X3+9
47*14
24A6

1310+3
VO+6

2130*130
1310+.5

Table 28—Radiochemical Composition of Residual
Contamination (NRDL)*

MATXMAL

—--1 I
o.0a304
o.mm
o.m
0.03718
0.c4z23
0.202
0 (XB19
0.189
0.177

62.50+231
889O*311O
631O*1CI
3110+946
4910+1170
!49m*7
31204?$2
4440+158
SWJ*14

PIIECIWTAGEor TOTAL ALW?ITY OBWtRVXD ●

S*

1.a
. XDA

1.2
h-DA
N-DA

1.3
0.5
1.6
3.2
0.8
1.1
29
0.8
0.9

5P

&Q
6.3
& o

XDA
A’DA

4.6
24
7.3

14
2.2
6.0
& 6
2.5
4.0

RADIO~UCLIDXd

Pa-e
Earths

3.0
xl
so
1.2
0.9

74
1.2

37
67
73
82
41
49
76

0.5
19
4.2

NDA
NDA

6.4

0.2

31

10

0.1

0.2

H

m
%7

1.69.8
0.0
0 24+0.02
3.6 +1.6
2.4 *o. 76
0.58*O. 16
0.71+0 0.5
0.82+0.04
o.48+0.14

R“1oob

7.8
lSDA

6.7
K-DA
NDA

4.8
()6

12
4.5

z. 3
13
m
16
7,0

Cgul

so
24
1,6

M
96
8.4

9;
11
1,1
1,1

NDA
13
9.2
0.8

● Values m of 15July 1955(16mm after tbe nucleardebmation). b Nbli and RhNI mny be dcu~~d
from-the repwte.d parent values. ● Ko detectable activity.

●Collections mcie sbcm Febmuy 1, 1935.
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Table 29—Radiochemical Analysis of Fish and Chicken (NRDL)*

InLAND FXEE I

R0ra9dapA@U

I

Pelarslc. . . . . . . . . . . . . . . . . . . .
sKiBp~ . . . . . . . . . . . . . . . . . . . .

Ron@ap Lagoon

I
Flat tic . . . . . . . . . . . . . . . . . . . .

[Coconut m-rib. .-------------

{

Spider mail.. . . . . . . . . . . . . . . . . . . . . . . ..-.
Qejen . . ..do. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Red eye rob ... . . . . . . . . . . . . . . . . . . . . . . .
Labaredj Killer clam. . . . . . . . . . . . . . . . . . . . . . . .

Rongelap Rooster . . . . . . . . . . . . . . . . . . . . . . . . . .

Vtirik Atoll

{

~tkti Eel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Butterfly tlsb... . . . ..- . . ..-. -.- . . . . ..-.

Ji’erwrfk AzoZI

Enltretak Mullet .. . . . . . . . . . . . . . . . . . . . . . . . . .

.— I .—

1{Viwerr. .. . . . . .
&33 Oill . . . . . . . . . . .

Mrl.wel... . . . . .

1

hlus.cle.. . . . . . .
‘7 Viscmr... .. . . .

{

bfuscle.. .. . . . .
1* Vlscem.... . . . .

26 Total NY....
11 . . . ..do . .. . . . . .
30 .--. -do.... . . . . .

230 . . . ..do . .. . . . . .

I

Muscle.. .. . . . .
Vis0v6 ... . . . . .

1140 Liar . . . . . . . . .
skin . . . . . . . . . .
Tibia . . . . . . . . .

32
8

20
40

585
I 75
225

1204
432
26
66
11
z
7

12
101

24 Total bdy. .. . 1

135 .. ..do . .. . . . . . . . 2

● NO data taken. b No detectable aetlvity.
●CoUectiom made about February 1, 1955. Data reported as of APfl 19M.

S*

—-

1.2
0.4
0.2
0.6
0.1
0.2
0.7
0.1
0.1
L 1
0.2

.. . . . . . .
0.6
20
1.3
0.2

1.1
. . . . . . . .

0.R
0.2

PIZCICNTAOI or TOTAL BrrA Am’rvm

Sfl

1.0
0.3
0.2
0.5
0.1
0.2
0.6
0.1

b NDA
0.8
0.2

.. . . . . . .
0.5
1.6
1.0
0.2

0.9
.. . . . . . .

. . . . . . . .
0.2

Rare
Earths

8.2
8.2

(’)
U.6

18
1.8
1.9
7.8
).9
L 6
26
2

14
4

51
1.4

11
.. . . . . . .

8.2
S9

0.07
. . . . . . .
. . . . . . .

. .. ----

. . . . . . .
21

. . . . . . .
1.0

. . . . . . .
40

. . . . . . .

1.0

-- . . . . .
. . . . . . .

------ .
0.0!

. ........ ... -----
..------

.... ..... --------
-------- - -.---..-
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Table 30-Radiocbemical Analysis of Biological Specimens from Rongelap Atoll (NRDL)

ILU.LND,SAMFLXNo., ANDSAMFLI

RmQtlop Mud

lKno, Goat m... ---.. -.-. -.-...--,

Mc@ Kllkr d~--------------------

1513,mwti --------------------

1320A,Langous@ lobster------------

15~0, Red eye crab ----------------

15zoD, Red-spotted crab ------------

1520B,Coconut mab---------------

Katdlt ~8kW@

1623,SnBppertlxb-------------------

1540,Oronpx !YSII..--..---.-.-.-.---

1344,Parrot m......- . . -----------

m, Helmet ~--------------------

TUWJI

Bone... . . ..--.. -..

vlW3rA...-.. .__.-

Skhx. . . . -----------

Muscle . ..-. --------

Soft tis.sne...-. -----

-.-.do .. ..- . . . ..-. -.

-.-. do--------------

. ..-do --------------

.-.-do ... .. . . . . . . ..-

--do. -.- .. . . . . . . .

Muscle.. ..-. -..-..

8kJn.--------------

Bone---------------

V1.vcera-------------

whole -------------

Bone---------------

Qm_______

Head. .._. _-.. _..

Vkxxa.... ---------

soft t.Jsme... . . . . . . .

w ET
wEl&IT

20

10

23

37

1300

w

79

67

73

114

231

89

la

.- . . . . . .

176

449

66

%0

2S

271

-

!A (m@

360

27.b

327

111

743

lW

330

2343

m

--------

a3

w

1342

2413

1630

1905

423

7020

11450

224

—

B ETA
,XXV[TT
,~m~-,.
!~~ 10+

1.6

40

0.2

1.1

20

81

1.8

0.75

0.75

2.6

0.03

1

2.4

27

a 75

7.0

aK4

as

b

4.8

)AXMA
CTl\-lTT
/m!sam.
ex lG+

217

2.8

2.4

2.1

22

83

2.1

3.8

(J.43

3.1

0.69

4.1

4.4

&3

6

23.4

27

m. 9

&8

11.9

“UCLXDI

R,E.h
6*
Znu

R.E.
s~w
Znu

R.E.
Sfl
Znu

R.E.
S*
Znu

P..E.
grw
cow

R.E.
g~w
c~m

R,E.
Sfl

R.E.
Srm

R.E.
&m
r3117
R.E.

R.E.
&cl
z@l

R.E.
Si+
z~u

R.E.
s@
z~u

R.E.
&m
Znu

RR.
Srn
Znw

R.E.
gra
z@l

R.E.
&w
Znel

R.E.
S*W
Znu

R.E.
s-
Znu

R.E.
S*

NUCLXDK
ACTIVITT
(d/m/snm-
I]ex l&:J

NDA .. .. .
11+1.7. . . .
240...--...
o.6f. ..-.. -
NDA..-..
Zw.. .--...
2.5. . . . ----
0.34+0.26..
230. . . . ..-.
h’DA -----
0.46+0.76..
I’K .. . . ..-.
XDA . . . . .
2.4+0.@ Z..
20WJ... . . . .
7i. . . ..--..
K3,8+0.KI..
7370..-.-..
26.. .-... -.
NDA.. _
37.. . . . . . .
o.13*o.oi.
15--------
1.2M0.18.
26.-.....-,
o.5K... _

4.1. . . . . . . .
NDA ----
53--------
2.4-------
0.53+3.76.
380. . . . . . .
19. . ..-. _
3.&o.36..
440.._---
m..... --
7.85+0.%4.
me.. . . . . .
IGDA.. -.
0.79+0.17.
Mm------
5.---.-.--
13.7* l.o.-
1370------
2..9-------
0.55+0.44.
lm-------
3.7. . . ----
0.97+0.52.
1670. . ..-.
NDA..-.
2.6+1.23..
820-------
39--------
136+034.
lm. . . . . .

PHlcIw

T ~;AL
ACTIVITI

o
7.8

3X3
0.14
0

w. 3
12.5
1.7

95.8
0
0.4

906
0
0.12

63.4
2.5
2.7

89
20
0

49
0.2

20
1.7
7.4

16.s

4.2
0

342
2.4
0.5

92.7
7.Q
1.2

100
44
2.9

84.2
0
1.0

97
a7
2

79.8
47
0.7

i!6.8
0.4
0.1

m
o
a3

m
E&a
0,3

91,6

27

8UU.
lHISE
[mm ●

W*9O

o

45s4

M9+313

146+42

L36+31

o

3+1

30M

o

0

24&44

73&8

147*18

22+4

ZiWz2

68446

6+3

10+S

C’&@

DOE ARCHIV=



28 RADIOACTIVE CONTAMINATIONOF AREAS IN THE PACIFIC OCEAN FROM NUCLEAR TESTS

w x?
WE1OHT

(a)

219

73

173

511

87

2s

169

46

90

36

Table 30-Radiochemical Analysis of Bio!ogicd Specimens ikom Rongelap Atoll (NRDL)-Con.
—

ISLANO,6AM- No., AND 6AXPLX TIMUZ

4?eJmI&m&

Iml, tippti. ..--. - . . . ..- . . ---- Head ... .. . ..--... -.

Skin. . . . . . . . . . . . . . .

Bone. --------------

Muade. .. . . . . . . . . .

Vkem. .. . . . . . . . . .

GIL . . . . . . . . . . . . . . . .

1633,(hvuwr Ilsh... . . . . . . . . . . . . . ..- Whole . . . . . . . . . . . .

109, 8and crab. . ..-. ..-- . . . . . . ----- Softtisue...-.-----
1637,Splderznafl . . . . . . . . .._.. _... -l. -..do... . . . . . . . . .

163&E?pldarmafl.. . ..-. ..-. ..-. ----- ..-. -do ... . ..- . . ----

7A (m@

6250

1315

8270

IW

. . . . . . . .

403

2190

1C90

n3

175

—

BX’?A
ACTIVrrY
d mpnrn-,
{p .s110+

&6

1.0

6.5

6.4

6.1

1.7

1.8

1.8

1A7

102

_

DAMMA
bxwn-v

‘P’”) ex 10+

24.7

11.8

16.7

l&8

15.9

21

77.9

2.3

18

6s

WL.mzI

BE.
8P
R.E.
S*
R.E.
f!-
Znu

R.E.
s@
z~u

R.E.
&m
z~u
R.E,
Z=u

R.E.
8*
z~w

R.E.
Srm

R~lw

R.E.
&rw

R.E.
SN

NucLrox PHVXNT
Acmv]rr
(d/m/sam- T~AL
pl ex 10+ ACnVITV

NDA.. _- 0
1.6!+2.4. .. 0.2
NDA . .. . . 0
0.0s+0.4s.. 0.7
h’DA . . . . . o
1.6+0.U... 0.8
L540...._. 9s
8.s. . . . . . . . 0.7
0/22+0.35. 004
1600. . . ..- 95
11-. . . . . ..- 1,8
1.2+0.2%.. 0.2
I@f------- 93
h’DA... -. o
210. . . . . ..- Im
13,3. . . . . . . 7.4
1.7+092... 0.1
6230.. . . . . . M
0.8. ..-. -.. 0.6
4.72&0.59.. 2.0
360. . . . ---- 19.2
1210. . . ---- C-5
5.25*0.47. 0.3
llflm . . . . . 116
1.95+0.60.. 0.02

● SunshineUnit-O.@31 @ S@/kg Ca. b R. E.-Rare Exrth Group. QN-DA-No Detectable Actlvtty’.
Date of crilectlon: February 1956. Date of muntlng: AprR-May 195S.

Table 3 l—Average:Relative Composition of Nuclides in Plants, Soil, and
Water (NRDL)

,
I

Sounct I PABT
I

I
I

PLAKTs
Portrllrma . . . . . . . . . . . . . . Whole . . . . . . . . . . . . . . . . . . . .
papaya . . . . . . . . . . . . . . . Fruit . . . . . . . . . . . . . . . . . . . . . .

1

Rusk.- . . . . . . . . . . . . . . . . . . .
Mea . . . . . . . . . . . . . . . . . . . . .

Cm?onut. . . . . . . . . . . . . . . . SheU. . . . . . . . . . . . . . . . . . . . . . . .
Milk. . . . . . . . . . . . . . . . . . . . . .
haves.. . . . . . . . . . . . . . . . .

{

Keys . . . . . . . . . . . . . . . . . . . . . . .
Pandanus... . . . . . . . . . . . hare% . . . . . . . . . . . . . . . . . .

Alrroot . . . . . . . . . . . . . . . . . . .

Arrow root . . . . . . . . . . . .
[
Tuber... . . . . . . . . . . . . . . . . . . . .
Leave .. . . . . . . . . . . . . . . . . .

Xo. or
6AHPIJL9
LVERAGXD

1
1
8
2
2
1
2
2
2
2
1
1

2

2
2
2
2

Date of collection. Februar$ 19K.. Date of mrmt@ April-May lflM.

4

RELATIVECOMFOWI1ON(Percmt)

&.117

4A9
728
=2
WLQ
m. 5
w. 6
R3

026
727
m.9
76.4
11.7

0.64

. . . . .
. . . . . .

. . . . . . .

T&W

Earths

39.2
17.8
L 1
0.05
0.4
0.2

8&6
22

13.3
10.3
168
K4.Q

m. B

?A4
100
946

loo

I
—-—l—

11,8 . . . . . . . .
26 . . . ..-.
0.7 . . . . . . . .
1.0 . . . . . . . .
0.1 .. . . . . . .
0.2 . . . . . . .
0.4 & 1
5.b .. . . . . .
51 &e
08 . . . . . . . .
1.0 68
8.0 1.4

I
5.6 10.0

35.61.. . . . . .
0 . . . . . . . .
&6 . . . . . . . .
0 1---””””-

-

smJ-
IBm
NI1’n●

22*3S

24+16

21+6

62*88

o

0

85*18

196+25

33eeEYJ

KJ2*232

J)OE ARCHW=,
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RADIOCHEMICAL ANALYSES

Table 32—Sunshine Units of PIant Samples

29

SAM?X.X
SAW7X

ISLANO WS1OET
(s)

{
Portnhm. . .. . . . . .. . . . . . . . . . ::e:y:::; ::::::;:::::
Pamya .. . . . . . . . . . . . . . . . . . . . . Ro-~lap. . . . . . . . . . . . . .

I

Rongeiap . . . . . . . . . . . . . . .
Comnut husk. . . . . . . . . . . . . . . Eniaetok.. . . . . . . . . . . . . . .

f3e@n. . . . . . . . . . . . . . . . . . .
Rongela p. .. . . . . . . . . . .

Coeonnt meat. . . . ----------- Enlaetok.. . . . . . . . . . . . . . .
Qejen. . . . . . . . . . . . . . . . . . .

{

Erde.et.ok.. . . . . . . . . . . . . .
Coeonnt sbeU. .. . . . . . . . . . ..-. . . ..cb . . . . . . . . . . . . . . . . . .

Oejen. . . . . . . . . . . . . . . . . . .
COcOnntmfIk. . . . . . . . . . . . . . . Glen. . . . . . . . . . . . . . . . . . .

IIEtiwctak. . . . . . . . . . .Coconut leaves. . . . . . . . . . . . . . ~tkik.-.----..-..- ---

Coconut, whole . .. . . . . . . . . . . . Clejen . . . . . . . . . . . . . . . . . .

[

Enbbetct.. . . . . . . . . . . . .
Arrowrcmt tuba-. . . . . . . . . . . SirO.. . . . . . . . . . . . . . . . . . .

Gejen. . . . . . . . . . . . . . . . . . .
Arrowroot leavw and stalks.. Oejen. . . . . . . . . . . . . . . . . . .

{
Pandanns kqa.- . . . . . . . . . . . . ::::.::;::::::::;::;::;

IPandBnn91eavK1... . . . . . . . . . . “--ado-------- ”---------
Clejen. . . . . . . . . . . . . . . . . . .

I
P8ndann9 airroot . . . . . . . . . . .

Cejen. . . . . . . . . . . . . . . ..-.
‘ti=hk”-”------- ”-----

223
23

240
200
22

S60
450
160
190
W

120
55

140
36
36

170
545
2s0

103
15

1s4)
215
10
32
46
30

CAMIU1
)O??TBX

(mg)

17s
m
535
162
6s
47
20
40
m
16
8

23
20
m

103
19.5
1140
3s3
114
3s5
56

134
66
43
22
14

Data of m!iectfon: Febmary 1956. Date of mm ting AprU-May 1836

Table 33—Sunshine Units of Water Samples
c t I 1

Cbtmi.. -- . . . . .

1

Rongelop. ------- 4s Ilwdo I. IX1O%23U
utirik ---------- 61 2c&14 147+1M

.-... do---------- as 39+10 201+ 54
TvelL. ..-_ ----- .-... do. . .------- 80 NDA 0

EcL3etok-------- 2300

[

NDA 0
Rongelap ------- M2 NDA 0

ocZmn---------- Utlrfir ------------ 408 NDA 0
E!niwet.ak------- 402 NDA

{

0
Rongelap.. . . . . . 456 IQ)*6S 1s8+ 6s

LagoOn--------- Enlwetak -------- 137 NDA 0
utlrik ----------- 441 204+15CJ 2CS*1S0

I

NDA indleates no detectable activity.
Date of collection: Februwy 1936. Dak of .xmnting. April-May 1956.

dlrn~~ple;

—.

lm*lm
63SO*1O6
240*33
340*2S
M4Pc24
4m&24
11OQ+3
18*2U
2s+23
2.M18
N DA
h-DA

41*21
197&37

XDA
167*22
250*’M
73+16

190+35
293+44

1060+30
433*44
460+41

NDA
m+ss

10S*27

d

EGNSHISEUNITS
2.2djm k3rm/gCa)

26s x 1W+2S0
6140+123
322*44
950+76

1’MO*IW
4MO*240
lEol*w
mo*3m
635&620

706*501
o
0

955*.5CI3
KW*250

o
3mo*5m
103*10
56*IQ

7SO*I40
MO&m

66m*m
1403+162
3mo*3m

o
593*WI

S3e&M40

Table 34—Sunshine Units of Marshall~Island
Soils (NRDL)

Ex-

1.9LANXI
CEANOE

80U TYTI sB::;m/g *~~= Bm!mxh% Urmll
CA U7.IM

y;

I l—-—---l-l
Utirfk.----lErnaflmnd-i!ke I 3+1.5 I 1.9 I ma(l

particles.
Oejem----- Large coral pw- 1SS6W0 I 1.4 &2xIo%6. axlrY

UCIB9.
Liklep ----- Loamy ---------- 114c.2 I 11.s KW+eo
Eclwetok.- Srndl mnd-l!ke 62+2 4.6 & IX1OW1SO

kmm.
RougdaP. . thy. ..-. ----- 2s4+4 12.7 & 4x1rP*lm
Stfo-------- SrU&llsand.llke 25&3 .8 1.3XI(Y*1. 7XW

particles.
En18etok.. .----do ---------- 403+11

I
.9 1.9X1045. 4XI04

1 I I

DOE ARCHIV’@
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RAt3L Nvunsa I UWAFL
NUMRrR

00!1:
3802.. . . . . . . . . . . . . . . . . . . . . No mmple

rrumtwrs
Wsigllod.

3803.. .. . . . . . . . . . . . . . . . . . .
I

3804... . . . . . . . . . . . . . . . . . . .

3807... . . . . . . . . . . . . . . . . . . .

3W. ... . . . . . . . . . . . . . . . . . .

3806.... . . . . . . . . . . . . . . . . . .

S808... . . . . . . . . . . . . . . . . . . .

3RCF. .. . . . . . . . . . . . . . . . . . . .

3s10. .. . . . . . . . . . . . . . . . . . .

3’=l!3. . . . . . . . . . . . . . . . . . . . . .

3R12. .. . . . . . . . . . . . . . . . . . . .
I

3s11. .. . . . . . . . . . . . . . . . . . . .

6819. .. . . . . . . . . . . . . . . . . . . .
.W19. ...- . . . ..- . . ..-. -----

‘A! Of ~cptPIIIbcr 20, 10.$6,

8AMPLIN0T,OCA. OrlLL~-
nrrN TION

DATE
-—

Krnbelle.. . . . . . . . . .~ 7-24-50

. . ..do . . . . . . . . . ..- 7-24-60

..rlo . . . . . . . . . . . . 7-24-58

. . ..do . . . . . . . . . . . . 7-24-ho

. . ..do . . . . . . . . . . . . 7-24-60

. . ..do . . . . . . . . . . . . 7-24-66

Rongolap . . . . . . . . . 7-23-M

. . ..do . . . . . . . . . . . ?-n-ho

..-. do . . . . . . . . . . . 7-24-S3

...-do . . . . . . . . . . . 7-23+6

I
.do . . . . . . . . . ..l 7-23-60

I
. ..do . . . . . . . . . . . . 7-23-38

P8w. . . . . . . . . . . . 7-2.5-(50
. . ..dO . . . . . . . . . . . . 7-2,3-60

I

We. . . . . . . . . . . .

24 . . . . . . . . . . . .

4-f . . . . . . . . . . . .

&2 . . . . . . . . . . . .

24.. -.-. . . . . . .

4-6.. . . . . . . . . . .

0-2.. . . . . . . . . . .

2-4. . . . .

4+...

0-2.. . . . . . . . . . .

2-4.. . . . . . . . . . .

44 . . . . . . . . . . . .

flurfan. ..-.-..
f3ub.nwfam.-.

AREA

(First set).. . . . . . . . . . .

. . ..do . . . . . . . . . . . . . . .

. . ..do . . . . . . . . . . . . . .

(Second wt). . . . . .

. . ..do . . . . . . . . . . . . .

. . ..do- . . . . . . . . . . . . . .

lW fr. lagoon villn~
arm.

. . ..do. . . . . . . .

. . ..do. . . . . . . . . . . . . . .

Mldislmd . . . .

.-..do . . . . . . . . . .

. . ..do . . . . . . . .

Shore. . . . . . . . . . . . . .
-.-.do --.. .-. -..- . . . .

l,lrlc.–lsotupr~, lnwrporate(l, Wo.qtwood,N.1. N.s E,—NuclcIu Sclcnraand En@mering, Pittsbur,qh, l%.
Pnteofrrmntinu: SrpternMr-OrlOkr 1950,

~ SM Tnbk 34for estimntm of adlnble mlclum and of sunshineonit~ for soils,

LATI

.—

IIASI.
1, Inc.

HAST,
1, Inc.
HA13L
1, Inc.
HASL
1, h.
HA9L
I, inc.
IIASL
1, Inc.
HAS1,
I, Inc.
HASL
I, Inc.
HA8L
1, ho.
HAEIL
1, Inc.
HAF4L
1, Inc.
HART,
I, Inc.
HASL
HA8L

TOTAL ACTIVITY(6)

C.Dato

8- 4+43
8-iQ-60

8- G.%
?rzwlo
8- 41r41
G% M
8- 4-M
8-30-56
8-4-64
8-30-,%
!7-4-W!
8-30-!W3
8- 4-6ri
two-m
8- 4-M
8-30-Rl
8- 4-(M
8-3iHl
8- 4-.$0
8-30.ml
8- 4-M
Km-w)
R- 4-M
8+*.56
8- 4-,60
8- H6

!/m/~–we

1980+80
1820

40U+45
471

<40
100

6210+110
6940
WXEEIOZ
1735
llr!o*62
651
2tii+52
152

g
70.2

<45

M. 9
1220*5’q
f4,’!
1344+1
1m)

<37

M 9
17WIM03

103+39

UrJ!S—wel

150 *3.7
155 +4.1

40 +0.41

1.5 +0,07
2s0 +4.9
W,5 +1.2
w +29
w +1.7
,54 +2.8
30 +0.67

10 +0.40

4.5 *0.I

1.4 +0.wl
m +2,8
31 +0,21

40&0.2

o.98+0. (I4
7.6 +2. O

frp
d/m/It*

5.5 Xl@
5.7 Xlw

1.3 Xl@

0,OPAXIOA
9.3 Xl@
9.8 XIIY
2.2 XIIP
3.6 xl@
1.8 Xl@
1.0 )(]@

0.46 XICP

0.21 Xlw

O.O64X1OJ
2.3 Xl@
1.0 Xlw

0.16 Xl@

o.040X1CP
. . . . .

,%;

0.07

0.16

0.07

0.m

0.06

8.7

u

co



CHAPTER IV

Internal Contamination of Animals

At the time of the fallout on Rongelap
Island there were a variety of animals present.
These were left to live on the island, and rep-
resentative numbers were collected on the 8th,
25th, 33rd, and 51s&53rd days and then
sacrificed. Tables 36, 37, and 38 show the
relevant data concerning external doses to the
animals while living on the island, and an
analysis of their internal contamination.g

Over 90 percent of the activity in the body
of animals was in the skeleton. At 82 days
past detonation, 62 percent of the skeletal
beta activity of the pigs was due to S@,
7 percent Ba’w, and 10 percent rare earth
group. Howeverp it was reported that
64. . . In the 6 months period post detona-
tion neither significant gross changes nor

pathological changes which cm.dd be definitely
ascribed to radiation were detected in any of
the animals.”s

Table 39 shows the activity of a rooster and
rats collected 2 years post detonation.’ The
gross activity in this rooster was 40 percent
of that of a rooster from the same locality at
1 year post detonation.

Since these animals represented interesting
cases of living mntinuously in a heavily con-
taminated environment, a strontium-90 anal-
ysis was made later of some rats and a rooster
collected at the 2-year period. (Table 40).9
Additional analysis was made by AFL of a

single rat bone specimen (Table 40). These
data are extensive but do indicate the rela-
tively low body burden of strontium-90.



Table 36—Mortality and External Radiation Dose of Animals From the Living Areas of Rongelap and Utirik
—

S?xllm A

EXTERNAL ~08E (“*DAY 2.9x (DAY8)
or COLLECTION)ANIMALS _

Totnl
Rwxlvcfl

H~M------------------------ 6

~~tm. ..- . . ..---. . . . . . . . . .1’
Chicks. ..-- . . ..-. ----------- . . . . . . . . .
I)urks ---------------------- . . . . . . . . .

Flp-------------------------

@fit.......-- .......---------

Dead

1
Dsy 23

. . . . ..-.

------- . .

. . . . . . . .

I

——
WYd

1
)IIY 23

-------

. . . . . . .

.- . . . . .

Day 45

.. . . . . .

13ERIE9~ SERIESC

! I

23GY(DAY26) I
MOI (DAy 33)

——.—— ,—

Total
kwivd

---------

. . ----- -.

------- . . .
------- . . .

7

. . . . . . . . .

Drd sac’d Totnl
Received

. —

-. . . . . . ------------ 20

$------- . --------- -- -

-. . ..-. . ----------- - (

------ .- .. ----- ---- -

------ . . 4 . . . . ----
D8Y:

38sow
67ffl
82#24
82#25

.. ----- . . . . . . ----- ------ -----

Dead

2
Dny 42
Dsy 43

1
Day 49

Q
------- -

. .------

. . . . . . . . .

u I
o ‘* Anhak from Utirlk; allothemfrom Rong’clap(Group IV arenmdmti~’d~rex-l dine).

●*Dsy Post Detonation

m

sw’d

2
Day 44

------- -

.. . . . . ..-
1

Day 56
.. . . . . . . .

. . . . . . . .

I

flERIES D
_—

3fM)r(DAY 51-53)

‘rOtel
,emivcd

11

1

--------
. . . . ..- .

3“

. . . . . . . .

_ .—
Dead Sac’d

I

—-————l—
5 ----------

Dny:
67#38
74#39
92M5
ean
13a#24

----------- ,...-..
I

------------

I
---------.....--------------.-

-------- ----1--------.

.. ...................

I

.—
TOTAL

Tot al Dead 8ee’d
>Wlved

_ — —

37 8 a

4 1 ----------

9 9 . . . . . . . . . .
4 -------- -- 1

11 . ------- .- 6

1 .-- . . . . -------------

— — 1866 —9

,

..... . .-, --- ----- ..- “ --- -.’ “ -. ‘-”\
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Table 37—Radiocbemid Analysis of Tissues and Urine of Pigs From Rongelap on 82nd Day Post-
Detonation

BETA ACTIVITY–D/W/TOTAL SAMPLE
,

I

8AMPL.E
OBOPM

ACTIWTY
(x lc+)

—

(X%9

P& #24(25.8kgm):
Rwleton (total) . . . . . . . . . . . . . . . . . . . . Swo

Liver ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
Colon andcont,enti . . . . . . . . . . . . . . . . . 12
Lung (alveolar). . . . . . . . . . . . . . . . . . . . 1.5
Rtomrmh. . . . . . . . . . . . . . . . . . . . . . . . . . . 1,2
Ink.tine (small) . . . . . . . . . . . . . . . . . . . 2.3
Kidney . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.3
Remaining tissuw.. . . . . . . . . . . . . . . . . 6%0

Tots .. . . . . . . . . . . . . . . . . . . . . . . . . . . . W?o
~rhwsample,%hr. . . . . . . . . . . . . . . . 13

Pig #2f (2?.7kgm):
Skelc’toa (total) . . . . . . . . . . . . . . . . . . . . arm

Liver .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . 27
Colon and contents.. . .. . . . . . . . . . . . . 16
Lung (alw.olar. . . . . . . . . . . . . . . . . . . . 1.1
Stomach. . . . . . . . . . . . . . . . . . . . . . . . . . . 20
Intestine (small) . . . . . . . . . . . . . . . . . . . 2.6
Kidney . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.1
Remaining tissue... . . . . . . . . . . . . . . . . 220

Tots .. . . . . . . . . . . . . . . . . . . . . . . . . . . . 3870
Erinc sample, 24has. .. . . . . . . . . . . . . . 6.2

SrMMAEY

OBOSS BETAACTIHTY SRELETO~ yoy: ~EISE
(24 HIM.)

6RU . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- 62.0 m. o 69.0
BaI@.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- 6,8 6.6 7.0
Rare Earth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . cl.7 0.0 10.5

785 73.5 87.4

All values mrrcc!ed for decay.

6660
0.40
5.0
022
02-2
0.02
021

w,?
8.7

5103
0.53
b. O
0. 2?3
02U
o. w
0.14

6107
4.4

BB>u
(x 10+)

MO
033
2.4
0.20
1.1
0,50
0.42

. . . . . . . . .

665
1.2

S30
0.20
3.2
0.23
0,13
0.Sa
0.19

334
0.40

;~;:
EARTH
(x lV:)

1010
6.4
a.2
0.8
1.3
0.51
0.74

10213
1.6

690
b.5
4.9
0.33
0.30
0.$s
0.62

702
0.34
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36 RADIOACTIVE CONTLUkfLWATION OF AR&W IN THE PACIFIC OCEAN FROM NUCLEAR TESTS

Table 38—Beta and Gamma Activiq of Chickens From Rongelap (PC x 104)

D8Y ofdesth”-.. . . . . . . . . . . . . . . . . .

Dayaymd”” . . . . . . . . . . . . . . . . . .

Tissue

Tlbb . .. . . . . . . . . . . . . . . . . . . . . . . . . . .
Skeleton... . . . . . . . . . . . . . . . . . . . . . . .
Lever.. . . . . . . . . . . . . . . . . . . . . . . . . . . .
Ohzwd. . . . . . . . . . . . . . . . . . . . . . . . . .
e3ifzwd (content) . . . . . . . . . . . . . . . .
~mp-----------------------------

I.utesttne(L) and intents .. . . .. . .
Intestine (S) and contents.. . . . . . .
Pancw. . . . . . . . . . . . . . . . . . . . . . . . .
Spla. . . . . . . . . . . . . . . . . . . . . . . . . . .
Kidney ... . .. . . . . . . . . . . . . . . . . . . . . .
Lung9 (Alreoll). . . . .. . . . . . . . . . . . .
Trachea . .. . . . . . . . . . . . . . . . . . . . . . .
‘lhrblnaws . . . . . . . . . . . . . . . . . . . . . . .

<

HIN #l HEN +2 EXX 429

Dny 22 Day 28 DaY 74

DUY 24 Dsy 24 Dsy 79

Beta (lammn Beta Gamma Bew Gamma 1

7600 S850

‘-------------- 4-~

also 4610 332 695
11030 55800 1180066W01’JWSMK’

119 21 352 zu 12 72
------- . . . . . . . . . . . . . . . . . . . . . . . . 4.1 17
. . . . . . . . . . . . . . . .. ---- . . . . . . . . . 0.93 —
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.43 5.0

0.63 100
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,6 4.0
. . . ..- . . . . . . . . . . . . . . . . . . . . . . . . . 0.16 —
.. . . . . . . . . . . . . . . . . .. ---- . . . . . . ..- -

198 4% . . . . . . . . . . . . . . . . 1.17 9.0
17 28 023 0.67 4.0

. . . . . . . . . . . . . . . . . . . . . . . . ------- 0.24 20

. . . . . . . . . . . . . . . . . . . . . ..- ------- 3.87 19

HEN #36

Day W

Dny 107

lets Oamma

263

93670
34
7.0

20
3.0
a.o
—

1.0
9.0
20
1,0

22

HEN /3S

Day 121

Day 122

3eta Gamma

215.f! 69
8120 %50

82 33
8.6 7.6
1.4 -
7.0 —
6.3 —

--
-—

142 10.0
14 4.6

10.7 a.J
15.8 7.6

Dny 140

Ieta C3amma

41.8 81.8
Mm ●454
17,7 n. s
10.a 7.9
7.6 12

122 0.3
140 10.7
8.4 6.4
——
--

149 124
6.6 4a
0.9 0.2
——

HIN #24

Day 159

Dsy M9

hta Gamma

33.2 8.1
437 ●117.8
10.7 1.8
3.6 &6
o 0,3
46 0
8.9 0.m

.. . . . . . . . . . . . . .
0.75 0
O.m —
0.79 0.23
M B 0.83

—-
—-

Waiculatad using ratio of gamma activity skele$on/tlbh ●*Day post detmmtlon.

Table 39—Summary of Gross Beta and Gamma Activity in Rongelap Island Animals (NRDL) ●

I I,——

Rooster.. . . . . . . . . . . . . . . . . . . . . . . . . 1 &!Mo
Skeleton. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 560
Muscle . . . . . . . . . . . . . . . . . . . . . . . ------------ 1,OKl
0Mtr0tnk5ttd tract . . . . . . . . . ------------ 18s

Liver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 192

Respiratory L-act. . . . . . . . . . . . . . . . . . . . . . . . . 82

Total actlrity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Rati. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 629
Skeleton . . . . . . . . . . . . . . . . . . . . . ------------ 41
Head . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.4
Muscle . . . . . . . . . . . . . . . . . . . . . ------------ 8P
43Mtrotntest(n0itract . . . . . . . . . . . .. . . . . . . . 10
Lever . . . . . . . . . . . . . . . . . . . . . . . . . ------------ &6
RmIinUOrytr@------------- ----------- 0.5

Totid activity .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

RAINOACIIVITY*

BE?A QAumA
I,_~. ~————

............. ....... .... ...-----------
62 93 101 181
& 1 4.9 6.0 66
0.8 4.3 1,6 K7
24 126 9.4 49.0
0.2 a7 0.4 17.4

fK16 . . . . . . . . . . . . . . 119.3 . . . . . . . . . . . . . .

.. ........... ... ....... .... ... ........... ..............
0.73 179 0.15 35.6
0.15 86 0.1 1s
0.03 7.6 0.04 10.2
032 320 0.27 27
0.08 21.7 0.06 16.6
0.03 62.0 0.02 aao

L 34 . . . . . . . . . . . . . . 0.04 . .. . . . . . . . . . . .

I I I

● As det-erm!nedon besls of C101standardssnd emplriml scattering rmd absorption CQrrectiom
●Datt of collection: February 1956. Dste of munting: Apr-May 1956. I
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Table

XNTERNAL

4&Analysis of fits

CONTAMINATION OF

and a Rooster Collected on Island of Rongelap

,
8F~UEN

S&t:
1615Carcassb. . . . . . . . . . . . . . . . . . . . .
1816CCar-. -. . . ..-. -. . . . ..-.. -.
1517CCluca.w. . . . . . . . . . . . . . . . . . . . .

Eoa5tor:
1610Femur. .. .. . . . . . . . . . . . . . . . . . . .
1510Tlbla .. . . . . . . . . . . . . . . . . . . . . . . .

WET
WE1OHT

44.7
626
82.a

●26-O
41.0

642*28
815+432
86754

I,210439
5,702M19

Eat:
Bone.. . . . . . . . . . . . . . . . . . . . . . . 245&5d,Jm/&%et. . . . . .

—
k//~ple

.—

0.588
0.816
0.853

5.19
9.M

9

& u.

545*19
453*96
47(IQ7

I05A8
mhs

CALCTK7X s. u.
— —

171*9 m~gwet....... 644

. NRDL. b Does not Include head, fcmom, tfb!ae and viscera, . Dry welgbt of
2 femur htives. ~ AFL.

37
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CHAPTER V

Residual Activity in

Pacific Ocean

During February-hfay 1955, a sur}~ey was
made by the Health and Safety Laboratory of
the U. S. Atomic Energy Commission and the
Office of Naval Research (Operation Troll) of
the Pacific Ocean extending from the hfarshall
Islands westward across the Pacific, northward
to Japan, then east to SanFrancisco.

The chart, on page 40 represents data on
activity found in sea water and p~ankt.on.
Table 41 shows some representati~-e data on
activity versus depth of water sample.lo Tables
42 and 43 show representative data for marine
life.’”

Below is a summary of some of their con-

clusions:

1. Sea water and plankton samples show
the existence of wide-spread low-level activity

in the Pacific Ocean. Water acti-rity ranged
from 0-570 d/minlliter and plankton from
3-140 d/minjg wet w-eight.

2. There is some concentration of the
activity in the main current streams, such
as the North Equatorial Current. The
highest actirity was off the coast of Luzon,
averaging 190 d)min,fit er down to 600 m
(April 1, 1955).

3. Analyses of fish indicate no activity
approaching the maximum permissible level
for foods. The highest activity in tuna fish
was 3.5 d/rein/g ash, less than 1 percent of
the permissible level. *

4. }feasurements of plankton activity offer
a sensitive indication of activity in the ocean.
On June 11–21, 1956 another survey of radio-

activity in the sea was conducted near Bikini
and Eniwetok Atolls by the AFL. Since this
survey was conducted during the Spring 1956
test series of detonations, temporarily relatively
higher activities might be expected. Table 44
summarizes some of the data.’l

“Bawlon 1/10m.p.o. of that for atomic energy workers.
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RESIDUAL ACTIVITY IN PACIFIC OCEAN

Table 4 I—Water Samples at Stations

8TATIONS

l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

a..... .. .. . ... . . .... .. .. . . .. .. ..

4.--. . . . . . . . . . . . . . . . . . . . . . . . . .

8A:o~

— —-

8

4
.5
e
7
8
Q

10
11

12
13
14

18
19
20
21
22
23
24
25
26
27
28
m

34
3s
36
37
38
39
40
41
42

43
u
45

49
.50
51
52
53
54
55
56
57
w
59
60

Din-m, m

o
8

x
43
64
68

123
169
254
340
437
552

0
9

2.5
44
63
65

119
165
322
206
370
468

0
9

m
55
79

110
164

Pretripmd
323
423
534
646

0
9

23
51
71
w

136
164
279
Z73
47E
5eo

24
—

w
—

42
—

s%
—

30
—

w
—

3
—

6

120
—

110

9

120
—

60

60
—

42

(–15)

57
—

94
—

36
m
87
18
24

160
27
0
0

45
36

100

BTATION8

5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-

6... . . . . . . . . . . . . . . . . . . . . . . . . . . .

7.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

8--------------------------------

8AhH~

66
67
69
09
70
71
72
i3
74
75
76
n

81
82
K?
64
85
86
87
88
m
90
91
$2

96
97
Wi
99

Ilm
101
102
103
104
lo5
106
107

112
113
114
115
116
117
118
119
120
121
122
123

DXPTFI,M

o
9

36
62

73

w

142
180
m
369
468
579

>oubtfulca~
—
—
—
—
—
—

—

o
9

27
54
76

I@
154
m
Xlz
m
404
619

0
e

27
54
77

109
163
197
2s1
257
449
662

41

—
D/MIN/
mm

61

210
123
46

160
%
36

(-320)
110
87
72

110

66
72
n

(–6a)
48
?2

(–%,
57
60
04
7?

66
0

lCKI
120

(-d)
6

42
27

130
ml

o

M
140

9
W!
30

(-9)
21

lWI
1s

100
W
w
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Table 42—Radioactivity by Tissues of Yellowfin Tuna and Shark from the “TROLL” and Other
Areas. Values in Disintegrations per Minute per Gram Wet Weight

AmA DATE NFoti~ SKIN

— ,——

Ydlowtln TnM:
Oflh!orotd . . . . . . . . . . . 4-1-6.5 . . . . . . .

Do . . . . . . . . . . . . . . . . . 4-1+3 . . . . . . .
Do .. . . . . . . . . . . . . . . . 4-1-M . .. . . . .

Ave.m@ .. . . . . . . . . . . . . . . . . . . . . . . . . 8
Enlwetok . . . . . . . . . . . . . . 2-12-b3 1
Ponam .... . . . . . . . . . . . . . 12-1- 6

0
a
2

2

73b

Shark:
Btatlon4. . . . . . . . . . . . . . . 3-14+5 --------
Stntion9A . . . . . . . . . . . . 3-15-65 --------
Station 9.4. . . . . . . . . . . . . 3-1s-55 --------
Etatlon lo.. . . . . . . . 3-16-55 --------

Station lsl . . . . . . . . . . . . . 3-2+55 --------

Station z’ . . . . . . . . . . . . . . 4-1-b3 . . .

.kvera@.. . . . . . . . 6

Biklnl . . . . . . . . . . . . 12-5-34

Rongelsp . . . . . . . . . . . . . . . 1-29-55
‘1

20
11
15
0

171
44

44

&37

Enlwetok . . . . . . . . . . . . . . 12-1+4 1 1320

!

LIQH? DASC
hiUrrcm MUSCLE
. —

IQ,16 10,10
4, Q 12,8

10, n qs
18 9
70 w
m . . . . . . . . .

10 11
32 19
1.9 19
13 30
11 26
18 20

142 ]. . . . . . . . .
1251. . . . . . . . .

173 l. . . . . . . . .

B$N;RE,UV

4,24
0,0

0,22
10

m
101

(Car4i@e)

. . . . . . . . . .
0
4
0
9
s
4

191

7B

LIvm

0,4
18,16
10,22

11
2112n
742

19
]3
2s
40
4

66
27

671
2670

lsQcm

G. I.

I

GONAD
TRACT

6
0
0
6

272

17
7
6

10
90

. . . . . . . . . . ....

I (lrfdNev)
I

..... ..1 8....... 9

....... ..... ......
9

32
39
23

4’W . . . . . . . . . . .

5$3 . . . . . . . . . . .

m.L

10.
6.

13.
10.

Carchnrhlotrs.
men!sorrsh.

. . . . . . . . . . . . . . . . . . . . . .

Carcharhlnns
melsnopterus.

Table 43-Observed Values of the Radioactivity of Tissues of Reef Fishes by Area and Species flom
the “TROLL” Collections. Values in Disintegrations per Minute per Gram Wet Weight

I .Swirrd I Drmd
TBUK:

min. . . . . . . . . . . . . . . . . . . . . . . . . . . 4S,16,45,2%%..26.............
Muscle... . . . . . . . . . . . . . . . . . . . . 12,14,16,12,11-.. 4 . . . . . . . . . . ..-
Bone. . . . . . . . . . . . . . . . . . . . . . . . . . 10,32,39,42,0. . %... . . . . . . . . . .
Llv& ... . . . . . . . . . . . . . . . . . . . . . 70,batW.,62,m.. w.- . . . . . . . .. . . .
G. I.trnCt .. . . . . . . . . . . . . . . . . . . . . 33,25,31,10,1s.. 49. . . . . . . . . . . . . . .

GUAM:

Ekin.. . . . . . . . . . . . . . . . . . . 10,18,24.. . . . . . 71. . . . . . . . . . . . . . .
Muscle.. . . . . . . . . . . . . . . . . . . . . . . . 14,12,12.. . . . . . . 17. . . . . . . . . . . . . . .
Bone.. . . . . . . . . . . . . . . . . . . . !2S,45,13.. . . . . . . 40.... . . . . . . . .
LlreK ... . . . . . . . . . . . . . . . . . . . . . . . 126,27,s1 . . . . . . 403 . . . . . . . .
G. I.tmet .. . . . . . . . . . . . . . . . . 105,W.... . . . . . . . 2344.. . . . . . . . . .
Entire ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . lM, IW),144,184,

XJ7.

PAR~CE VZLA:
Ski. . . . . . . . . . . . . . . . . . . . . . . . . . 4,6.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Muscle . . . . . . . . . . . . . . . . . . . . . . . . t7,13. . . . . -------- . . . . . . . . . . . . . . . . .
Bone.. . . . . . . . . . . . . . . . . . . . . . . . . 7,9. . .. . . . . . . . . . . . . . . . . . . . . . . . .
Liver . .. . . . . . . . . . . . . . . . . . . . . . . . . 12,0.. . .. . . . . . . . . . . . . . . . . . . . . . . . . .
c4.I.tmct .. . . . . . . . . . . . . . . . . . . . . 6,SO... . . . . . . . . . . . . . . . . . . . . . . . . .
Entire .. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35.... . . . .

Bufttrflv FidI
OKINAWA:

skim. . . . . . . . . . . . . . . . . . . . . . . . . . 17,0 . . . . . . . . . . . . . 6... . . . . . . . . . . . . .
Muscle .. . . . . . . . . . . . . . . . . . . . . . . 13,9... . . . . . . . . . . 13-. . . . . . . . . . . . . .
Bone.. . . . . . . . . . . . . . . . . . . . . . . . . . 0,0 . . . . . . . . . . . . . . 0. . . . . . . . . . . . . . . .
Llvei .. . .. . . . . . . . . . . . . . . . . . . . . . . 12!0-. . . . . . . . . . . . 19-. . . . . . . . . . . . . .
0.1 m ... . . . . . . . . . . . . . . . . . . . 10,15... . . . . . . . . . m. . . . . . . . . . . . . . .
Enfb ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Grouprl
I

surgeon I I I
4&. .. . . . . . . . . . . . 2a,o,lo,35,0 .- . . . . . . . . . . . . . . . . . . . . . . . . . . . . ----------
0. . . . . . . . . . . . . . . . 16,12.14,10,7.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-
& . . . . . . . . . . . . . . . 27,56,36,0. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- ----------
m . . . . . . . . . . . . . . 35,b, 72,15,30Z. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-
10-. . . . . . . . . . . . . . 76,47,47,b7, M.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-

1 Bknnv
I

Wra44e Si#anid 8rwpper

44. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ?J,37 ... . . . . . . . . 13,32. ..- S2
20. . . . . . . . . . . . . . . . . . . . . . . . . . . 17,19... . . . . . . . 17,11. . . . 17
M... . . . . . . . . . . . . . . . . . . . . . . . . . . . 66,43... . . . . . . . . . 5.33-. . . . 14
SIO.. . . . . . . . . . . . . . . . . . . . . . . . 116.69. . . . . . . . . . . 56,51.. . . 19
64 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74,623 .. . . . . . . . . 3s7,2s$. 340
. . . . . . . . . . . . . . . . l15,337,72a32.. . . . . . . . . . . . . . . . . . . . . . . . . . . . ----------

I i
Brc4ulid

I I

“’cat)m” I I Cardinal I I

...... ...........1.................. 18,17,16,0, s. --- . . . . . . . . . . . . ..-
14,15.... . . . . . . . . . . . . . . . . . . . . . . . . . 21,b,12,6 ,10.... . . . . . . . . . . . . . . ..-
10,14.. .. . . . . . . . . . . . . . . . . . . . . . . . 82,0, 12,18,30. - . . . . . . . . . . . . . . . . . ..-
. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . 0,0,0 ,19,31. . . . . . . . . . . . . . ----------
8,2r .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32,25,U,12,7 .- . . . . . . . . . . . . . . . . . ..-

1s,0,12 . . . . . . . . . . . . . . . . . . . . . . . . . . . ---------- ----------
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Table 44—Avera e VaIue of Gross Fission Products for All Stations for Plankton, Residue From
fWater, and iltered Water (Less K@) as of Date of Collection Uune 12-21), 19S6. (AFL)

Depth in meten, O-ZOO. Plankton d/tnjg (wet) YIOOO.

RELWIUE lBOX &’ATItB FILTERED ~ATIB
TOTAL

d/mfl Pe;mell; of djmfl Pe~~tnnof
dim

o. . . . . . . . . . . . . . . . . . . . . . . . . . 6900 6s 4W0 42 moo
25. . . . . . . . . . . . . . . . . . . . . . . . . 2WI 4 Mim w 6s00
60.. . . . . . . . . . . . . . . . . . . . . . . . 1s00 19 7s00 sl S600
76. . . . . . . . . . . . . . . . . . . . . . . . . 13X 19 6600 81 wxl
100 . . . . . . . . . . . . . . . . . . . . . . . lmo 26 2’W 74 SWO

DOE ARCHIW

I

I,1

I
I



. -.— -- —----– . .. -,- ..- --L----- - . -J. -. ..-.- —..- .. ----- ----/.. .——. . . .- ..L .-.- . . .

.

CHAPTER VI

Return of Rongelapese

One of the major consequences of the heavy
fallout on some of the Marshall Islands in March
1954 was the evacuation of their inhabitants.
The 154 personnel from Utirik were returned to
their island in June 1954. However, the con-
tamination of the Rongelap Atoll was appre-
ciably greater than at Utirik, therefore it
was not advisable to return the Rongelapese at
that. time. Since then the contamination has
decreased, as shown by the data from the fore-
going sur-reys, to a level where return was per-
missible. The discussion below summarizes the
factors that led to this decision. ●

A. Medical Status oj Rongelapese

Relevant to the considerations for the return
of the Rongelapese to their home island was the
body insult they previously stiered from radia-
tion following the fallout of March 1, 1954 and
their present body burden of radioactive iso-
topes. Below are summaries of the findings
over a two-year period.

Of the Rongelapese exposed, 64 received
about 175 roentgens, and 18 people about 69
roentgens whole body external gamma radia-
tion. The clinkal findings showed, “. . . The
more seriously irradiated individuals had tiltial
symptoms of anorexia, vomiting and diarrhea
which subsided without treatment within 2
days. The same individuals slowly developed
granulocytopenia and thrombocytopenia unas-
sociated with secondary complications. The
only other manifestations of radiation exposure
observed were skin lesions and epilation, . . .
The incidence of infectious and noninfectious
disease in the more severely exposed groups was
no greater than that in the least exposed
group. . . . “8

●TM Rongelapesf VW’Ereturned to their home idand on June29,10S7

The skin damage observed waa M follows:
45 individuals-superficial Ieeions

13 individuals-deep lesions
6 individuals-no leeions

35 individuals-some degree of epilation
As the Marahallese continued to live on the

contaminated islands for the two days before
evacuation some radioactive materials were
taken internally by inhalation and ingestion.
Table 45 shows the results of urinalysis of
Group I (the 64 Marshallese exposed to 175
roentgens) and Table 46 the estimated body
burdens The major findings on internal con-
tamination were as follows:

6(. . . The total amount of radioactive ma-
terial in the G. I. tract at one day post detona-
tion was estimated to be 3 mc in people from
Rongelap. This activity vm.scontributed chiefly
by isotopes of short radiological and biological
half-life and limited volubility, and thus the
levels of activity in the tissues of the body were
relatively low. The concentration of radio-
isotopes at 6 months post detonation waa barely
detectable in the urine of most of the exposed
individuals.

“The estimated dose to the thyroid from I’a;
and other short-lived iodine isotopes was 100------- —-
to 150 rep for the Rongelapese. Iodine is prob-
ably the most hazardous internal radioemitter at - ““
early times after exposure. The dose t.a the
thyroid, although greater than tolerance, was
low compared to the partially or totally ablat-
ing doses of 1’8’ used in the treatment of hyper-
thyroidism or carcinoma.” 8

At one day post detonation, the concentra-
tion of SP was calculated to be near the maxi-
mum permissible level for this nuclide. At
later times following exposure, this longer-lived
fission product presents the greatest potential
internal hazard.

45
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Table 45-Gross Beta Activity in Urine of Group 1 on 46th Day Post Detonation

CASE No.

Mean . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

—

Mean . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Values corrected for decay.

TOTAL
VOLUME

24 h% (ml)

lm

Ulo

166

40

aoo

so

4s5

165

Zafl

6.50

650

265

190

2s0

650

Uo

110

440

Wo

429

BETA
ACTTVITT

w~

712
SM
ala
22s

o
Ss6
sol

404

lmo
o

1022
0

2s6
1100
1706
674
m

o
11s0

768

“Analvsis of the internal contamination indi-
oates th~t the dose to the tissue of the body
was near, but, with exception of the dose to the
thyroid, did not exceed the maximum permis-

.sible dose levels. The activity tied in the
body decreased rapidly as a function of time...- . .
The contribution of the effects of internal con-
tamination to the total radiation response ob-
served appeam to be small on the basis of the
estimated body burden of the radio-elements.
In view of the short half-life of the most abun-
dant tission products in the situation, the possi-
bility that chronic irradiation effects will occur
is quite small. . . . “s

These data suggest a low relative hazard
from internally deposited radioisotopes since
the values for maximum permissible concen-

TOTAL
OALIE No. VOLUME

24 hn (ml)

Ape >18 r78
4. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4s6
7- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 810
D-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S56
10---- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . aso
11.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 450
is-- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . MO
14. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7s0
l.s. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 465
22.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
so. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 960
.34. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 750
37. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4s0
40.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 550
~T ---------------------------------------

- m
49. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 426
52. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . m
66. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- . m
66. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 700
67. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . MO
6s. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 760
00. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 810
62.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . rlso
63. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . M6
00.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S55
6s. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Soo
71-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . !4ml
73.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -. Z@
70.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . %6
79. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 466
so. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 640
82.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 670

Mean . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6s1

BXTA
AerIVITT

d/m@4hm

6s4
lm
ml
549

L6sd
1677
2460
1670

n
4as
670
792

14.M
495

0
0

1CU50
S220
1005
2170
5s0

19s5
2260
1715
2010
1450

0
62

3339
1262
2140

trations are based on the concept that these
levels will be maintained indefinitely.

The report stated, “-The total white wunt
increases during the first 2 or tnore days and then
decreases below normal levels. —The count
becomes stabilized during the 7th or 8th week
at low levels, and minimum counts probably
occur at this time. A definite trend upward is
apparent in the 9th or 10th week; however
complete recovery may require several months
or more.

“l’he neutrophile count parallels the total

white blood cell count. Complete return to

normal values does not occur for several months

or more. The initial rise in total white count

is due to a neutrophilic leukocytosis.
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drop in lymphocyk is early and pro-
Little or no evidence of recovery may

be apparent several months after exposure, and
return to normal levels may not occur for
months or years.

“The platelet Wunt, unlike the fluctuating<
total leukocyte count, falls in a regular fashion,

I and reaches a low on the 30th day. Some
recovery is evident early; however, as with the
other elements, recovery may not be complete
several months after exposure. . . .)’ 8

RONCJELJM’ESE 47

At one year later the Marshallese were re-
examined with the foUowing conclusions:

“-In general, the Marshallese have recov-
ered satisfactorily from the radiation injury
received during March 1954. Visible residual
effects are limited to a few areas of depigmen-
tation and two small, distinct scars from radi-
ation burns, one of which will possibly require
plastic repair.

“~eutrophil values have returned to the
normal range of the control population. All

Table 46—Mean Body Burden of the Rongelap Group

&n ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.19
Baa. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.021
Rere Earth OroUp . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.03
llI1(mti~Ojd) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . o
R“IQ$._ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
ca48. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . o

Fksflematil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . o

●Extr8polnti from 82dday.

other members of the leukocyte population
and the platelets remain below the levels for
the control population; however, le}-els are
higher than at 6 months and, presumably, will
soon be in the normal range.” lS

At two years the examination showed that,
“h general, the people of both exposed and
control groups appear to be in good health and
nutritional status. ” 14

A 77-year old man showed a history of paresis
of the lower extremities. The symptoms sug-
gested that, “These findings can best be
explained on the basis of a cerebrovascular
accident.” ‘4 An 1l-year old boy was hos-
pitalized with acute rheumatic fever and
cardiac decompensation. “The diagnosis of
rheumatic heart disease with mitral stenosis
and insui%ciency was substantiated and at the
time of the examination, the boy was fully
active without evidence of dec.ompensation. ” 14
A 46-year old man died on May 13, 1956, of
heart failure. It was concluded that, “lTitb

.
AlmDyy@T ACTTTITYAT

1 DAY” PC
(L7S!iRDL) (LASL)

—

L 6 2.2
2.7 0.34
1.2 . . . . . . . . . . . . .
6.4 11.2

. . . . . . . . . . . . 0.013
0 0.019
0 0.016(w@

the exception of the residual of skin lesions,
none of the clinical tindings in the exposed
group could be attributed to the effects of
irradiation .“ la

In regard to skin lesions it was reported,
“Some residual lesions are present in the
Rongelap people. . . . The majority of all
show improvement. Almost all of the early
superficial lesions are completely healed at this
time without any apparent residual change .-
. . . rThere appeara to bc no evidence of an
change which would suggest malign ancy. ” ‘4

Urinalysis was made about tw-o -years after
the hfarch 1954 detonation, for people living
on Utirik and Likiep Islands, for the Rongel-
apese living on Majuro Island and for personnel
at HASL (Table 47).&’4 It is recognized that
these are limited data, but the values for the
HASL group Bhow the general world-wide dis-
tribution of the failout debris, and indicates
that the SrW activities found in the Pacific
group are probably more the result of living i~
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Table 47 —NRDL Marshall Island Resurvey— 1956 Results of Analyses of Human Urine Performed
- at HASL

H&:,X, NRDL
No.

.— .—

339% . . . . . . 6
340 . . . . . . . 1
340 . . . . . . . 4
3407. . . . ..- 9
S403 . . . . . . 10
34@ . . ---- 7
W5 . . . . . . . 2
Mot.. . . . . . 3
3407. . . . . . . 8
S40!. . . ---- 11
3401. . ---- 4
3410. . . . . . . 1
3411. . . . . . . 8
3412 . . . . . . 9
3413 . . . . . . 6
3414 . . . . . . 3
3415. . . . ..- 2
3416. . . . . . . 7
3417. . . . . . . 10
3418. . . . . . . 9
2419. . . . . . . 40
3420. . . . . . . 36
242 . . . . . . . 26
3422. . . . . . . 76

—l———

1]
SAMPLING CO~A~ON
LOCATIOX i XAUE AGE

I
I_ l—

Utlrlk.. . . . . 2-11 -if...... A . . . . . . . . . . . . . . . . . . . . . 4

. . ..do . . . . 2-11-56...... B . . . . . . . . . . . . . . . ------ 2

. . ..do . . . . 2-11-3 f....- C . . . . . . . . ..-. ..- . . ---- , 12

. . . do . . . Z-ll+t . . . . . D . . . . . . . . . . . . . . . . . . . . . 27

. . . do.. . . . . 2-11-.%...... E . . . . . . . . . . . . . . . . . . . . 22

. . ..do . ...1 2-11-%...... F . . . . . . . . . . . . . . . . . . . . . 5

. . . do .. . . . 2-I-.56 . . . . . o .. . . . . . . . . . . . . . . . . . . . 16

. . . do ... . ..~ 2-11-56...... n . . . . . . . . . . . . . . . . . . . . . 6

..- do . .. ...’ 2-11-56...... 1. . . . . . . . . . . . . . . . . . . . . . 16

. . do . ...1 2-I I-w...... POOLE D.. . . . . . . . . . . . . . .

Likiel, . . . . ..~ z-n-m . . . . . . J . . . . . . . . . . . . . . . . . . . . . . . ..-.

. . . do . . . . . 2-11-51...... K . . . . . . . . . . . . . . . . . . . . 3

. . . do . ...1 2-I I -w,...... L . . . . . . . . . . . . . . . . . . 8

. . do . . ..l 2-11 -56...... hf . . . . . . . . . . . . . . . . . . 1

. . . do . . . . . 2-11 -56...... s- . . . . . . . . . . . . . . . . . . . . . 26

. . do . . ...’ 2-11-.W . . . . . . o . . . . . . . . . . . . . . . . . . . 13

do . . ...1 2-I I-% . . . . . P... . . . . . . . . . . . . . . . . . 35

::: do.. . ...1 2-11-%...... Q . . . . . . . . . . . . ..-.....1 45

. . . do . . . . ...! 2-11 -56...... POOLEI> . . . . . . . . . . ..’......

M@ro**-. . I 2-2%% .. . . . R . . . . . . . . . . . . . . . . . . . . . 24

. . ..do . . . . . . 2-2%%. . . . . . 8 . . . ------------------ 31

. . . do . . . . . 2-2W.5 . . . . . . T. . . . . . . . . . . . . . . . . . . . 8

. . ..do.. . . . . 2-=56 . . . . . . u..................... 13

. . . do . .. ...! 2-29+6. .. . . . v . . . . . . . . . . . . . . . . . . . . . 11

I
Control.. . . . %2fr-5t.. . . . . ~ Pooled =mple col-

1
. . . . .

~ lected at HASL.
. . . do .. ..- June 1956... . . . . ..do .. .. . . . . . . . . . . . . . . . . . .
. . ..do. ....-1 June 1~ .. .. . .. . ..do . .. . . . . . . . . . . . . . . . . . .

do .-..1 June 1936... .. . . do. . . . . . . . . . . . . . . . . . . .
I. . . do. . ...1 JLI?N1956 +.... do . . . . . . . . . . . . . . . . . . .
I

—.
TOTAI,

VOLVME
Rlt~:}: ED

.—— —.

190

250

670
440
135
180
28.-,
al o

340

620

2w3
am

160

225
2X,
410

mo

lKI

w

980

993

1, 0D3

930

Wo

.—— —

l,mo

5, (KM

5, m

5<Om

2,(KE3
“1

C-T),,, 1 ‘o’’~,~’” s~M

TDTAL I_____ dim/J
ACTIVITY

“l””

44w+32n ,. . . . . ...’

44u,*3m ! . . . . . . . . . .

4wk3m ,.. .. . . ....1‘1

w=3m . . . . . . . . . J
92co*3ffl SIm , 4.7+07
2e4M*2401. . . . . . . . . .
24( WE240. . . . . . . ...’
11~~~ i. . . . . . . . . .

:1

4*O 2
ZW3+240 :. . . . . . . ...!

II13[’(I=2W . . . . . . . ...’

42sl&mo , q@l 1 1.6+0.4

I I14+0.2

I ———.— .-
“Dlrect platins. ●“Carbonate prerilllwtiorh ●O”Rongelap natives

an environment of continual intalce and excre-

tion rather than the results of hod~ elimination

of previously deposited SrW.

B. Mec.iicaZ Surveillance

When the Rongelapese were returned to their

home island, it was planned to inaugurate a pro-
gram of continuing medical inspections. The
Rongelapese would be examined once a month
by a Merahallese practitioner and complete med-
ical examination performed once a year by an
American physician. Arrangements would be
made for urine collections and analyses every
three months for the first year and afterward
on a yearly basis unless the findings indicate

—

(j~[n
d,l~fl

——

720+16

2540*63

14s7433

2862+45

33&8

%8

. . . . . . . . .

. . . . . . . .-

. . . . . . . . .
30+8

the necessity for more frequent analyses. A
radio would be provided on Rongelap for com-
munication with the Trust Territories Office on
Ebeye (Kwajalein .Atoll) where a plane would
be available at all times for any emergency.
A fully equipped dispensary would be provided
on Rongelap and an experienced health aide
(a ~farshallese) would be present at all times.
Before their return, the l!arshallese would be
given a wmplete medical examination, and
immunized against smallpox, typhoid and
tetanus.

C. Envi’ronnzental Contamination

The degree of contamination on the home
islands of the Rongelapese was considered
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. .. . . . —.- —.-.—. .—

‘, .

RETURN OF RONGELAPESE 49

i

I

according to the external gamma dose rate and
the amount of strontium-90.

1. EXTERNAL GAMMA DOSE
RONGELAPATOLL

The external gamma dose rates
above the ground on the island
are shown in Graph I. It would

RATES ON

at three feet

of Rongelap

be expected

that this curve ~-ould flatten out with time
due to the dominance of the cesium-137 with
its half-life of 27 years. The latest survey of
the Rongelap Island at the end of July 1956
showed a range of ~-alues from 0.2–0. 5 nlilli-
roentgen per hour, \\-ith an average Of 0.4

mrfhr. Howe~er, the graph suggests an antici-
pated dose rate at the July 1956 survey of
about 0.1 mr/hr. The higher value found is
undoubtedly due to the small additional fallout
that occurred during Operation Redwing.
Since this was relatively fresh radioacti-ie
material, the decay should be more rapid so
that the’ dose rate; on Rongelap Island it the
time of repatriation should be less than 30
milliroent gens/week.

1

i
1

The m&imum permissible external gamma
exposure to adult workers recommended by
the National (U. S.) Committee on Radiation
Protection is 0.3 reins/week with an added
restriction that the maximum permissible
accumulated dose in reins, at any age is equal
to five times the number of years beyond age
18, provided no annual increment exceeds 15
rem. (This applies to all critical organs except
the skin, for which the value is double.) The
maximum permissible exposure for the popula-
tion as a whole from all sources of radiation,
including medical and other man-made sources,
and background shall not exceed 14 million
rem per million of population over the period
from conception up to age 30, and one-third that
amount in each decade thereafter.

It is diflicult to extrapolate precisely far intQ
the future, but the data suggest that the gamma
doses on Rongelap Island would not greatl.v
exceed (if at all) 0.5 roentgens for the first year
of reoccupancy, with lesser doses in subsequent
years, plus some additional whole body dose

from internally deposited cesium-137.* The
gamma dose rates on other island of Rongelap
Atoll have not been followed as closely as on
Rongelap but the data suggest the relative dose
rates now are the same a.. measured in the first
part of March 1954; i, e., the highest activity
on any island is about a factor of 12 higher than
Rongelap. The Rongelapcse go on fishing ex-
peditions to other islands, including those show-
ing both higher and lower activity. How-ever,
these Rongelapese spend an appreciable part of
their time in boats over water w-here the external
gamma ac.tivit y is near background values.
Thus, the yearly average for these probably
would not differ greatly from those on Ronge-
lap island.

2. STROKTII’hl-~~

a. Food Supply

The basic data on the normal food supply of
the Ronge18 pese are c.ontained in Table 48.
There are wide variances in the data so that
estimated average values are used. This is not
an unreasonable approach since it would be
expected that the food actually consumed would
be about as variable as the individual samples
collected for analysis. As will be. seen below,
these estimates could be in error by a factor of
several without changing the conclusion.

The isotope of principal ccmcern in the food
chain is strontium-90. For an adult w-orker
the maintained maximum permissible body bur-
den is 1,000 Sunshine Units (1 ,000 micromicro-
c.uries of SrW per gram of calcium). T’alues for

maximum permissible exposures to the general
population are 1/10 that for adult workers, or
100 Sunshine Units, maintained level in the
body. The National (U. S.) .4cademy of
Sciences report stated, “. . . There seems no
reason to hesitate to allow a universal human
strontil]m--burden of 1/10 of the permissible

“ for adult workers. This corresponds. . .
to the 100 Sunshine Units.

‘Gamma dose rates at three feet abo~e the groumi on the bland of
R0nge19pLnJune IQ57 were as follows

Highest reading 0.13mr,h
LKJW-eStreadtig 0.01 mr,f’hr
Average reading 0.03mr,?tir
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Table 48 indicates that the average concen-
tration of strontium-90 in the total food supply
might be less than 360 Sunshine U:lits. (The

. . ..-

j
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IN THE PACIFIC OCEAN FROM NUCLEAR TESTS

data on land crabs shown in Table 48 are from
the island of Kabelle which is more heavily
contaminated than the Island of Rongelap). *

Table 48—Estimates of Contamination of the Normal Food Supply of Rongelapese

I A

1

1.22
0,36
0.1
0.09
0.09

●0.02
0.02
0.01

0.1

B

C!AIZFJX
CONTENT

(g-m cd
x“wet ml t)

0.001
0.001
0. (W34

~o.0006
0.0001

0.004
0.0004
Ocoxl

-4. fxml

a

~AILY lN-
IAXE OT CA

(g-ma)

o. Eel
0.16
0.018
0.025
0. OM
0.055
0.004
OLW3

‘+. 045

D

FBAmON
o? TOTAL

CA INTAKE

0.645
0.194

0.021
0.029

0. IXM6

0.063

0. CQwl

o. 0w4

4. (W3

F

7. z?
*92. O

0.11
7.26

J.1.u

(2.52.o)
0.02
0.Ss

● Avemse values.
JTbew data are from island of Kabelle (no date from Mnnd of Rongelap for July 1950survey). General contamination of island of RongelaP is

.slmut one-dfth that of Kabelle. Lagoon water around thew islandsdo not show M greats difference III activity.
. These e.reland mabs from island Of Kahelle. The strontium%l conomtmtion is higher than from earlier SIUVeys, which is contrary to the plant

activity as well as to tbe soil, and marine life data. (lt MS km estimated that about one-third of the intake of m-ahmeat 19from omnn crabswhich
have very little strontium-W content.)

~ Estimated.
● An uknown part of this intake may be sw crabs (which contain considerably lessS@S)bnt ISassumedhere to be all land cmbs.

However, if crabs were eliminated from the diet,
the intake might average about 107 Sunshine
Units. Further, elimination or restriction of the
consumption of pandanus would reduce the
strontium-90 intake to well under 100 Sunshine
Units.

b. EstimatedFuture Body Burden of StronPlurn-

90

Three principal factors are operative in esti-

‘There ts some doubt mncwmlng the correct stmntiurn-iMactlvtty fn
the lnnd crabs, since the valu@Aare htgher than for prwtous surveys
whlcb is contrary to aIf other data. Additional sumeys should clarify
this point. In anY event the land crabs tested are frnm the fabmd of
KsbeUe. (There were no mlfectione of lsnd crabs made nn Rongelap
Island during the 1=1survey.) Tbe genemdcontamlnntlonon Ro~gelap
Is shout one-fifth that of KabeIle. The difference In strontium-90 con.
tent may not be KSgreat as this. but dnce thcfware land crabs it Woufd
be expect-edthoseon RunkwlapIsJandto be lower thsn on KabelJeIsland.

mating the future body burden of strontium-90
of the Rongelapese:

(1) Although precise values have not been
established, there may be a discriminatory
factor of several between Sr/Ca ratio in the
food supply and that found in the bones.”

(2) If the Rongelapese were returned to
their home island, their diet would be supple-
mented by imported (relatively uncon tami-
nated) foods, especially rice. .41s0, the
cisterns would be cleaned out and refilled
with fresh water as well as having new
cisterns built.

(3) Despite the wide variances in the data,
analysis of the results from all of the surveys
on the Pacific Islands shows a general decline

POE ARCW=~



.-.

RETURN OF RONGELAPESE 51

of SrW with time in the food chain (except
the land crabs).
Although there is obviously a certain degree

of uncertainty, the above data and estimatee
indicate that if land crabs are eliminated from
their diet, the estimated future body burden
of the Rongelapese would be substantially less
than 100 WC of Srw per gram of calcium. Limit-
ing the intake of pandanus would further reduce
the estimated Srw intake. By means of the
continuing medical examinations described be-
low it would be possible to note any tendency

of untoward accumulation of strontium-90 with
time, and appropriate action could be taken
before excessive levels were reached.

c. Radiological Resurvey8

Plans are currently being developed for a
continuing and long-range program for radio-
logical resurveys on and around the Marshall
Islands. The principal objective will be to
monitor the environmental contamination espe-
cially for strontium–90.

DOE A.RCHIVES
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